Condensation reaction of 1,3-diiminoisoindoline with 2,6-diaminopyrazine and p-substituted anilines. by Al-Nuaimi, Khaldoon Selim.
CONDENSATION REACTION -OP 1,3-DIIMINQIS0INDOLINE WITH
2,6-DIAMINQPYRAZINE AND p-SUBSTITUTED ANILINES.
A Thesis
Submitted to the Univeristy of Surrey 
for the degree of Doctor of Philosophy 
in the faculty of Biological and Chemical 
Sciences
hy
Khaldoon Selim Al-Nuaimi B.Sc.,M.Sc.
The Joseph Kenyon Research Laboratories,
Department of Chemistry,
University of Surrey,
i
Guildford,Surrey,
England. September 1979.
ProQuest Number: 10797564
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 10797564
Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
TO MY PARENTS
SUMMARY
The work in this thesis mainly concerns reactions 
of 1,3-diiminoisoindoline with 2,6-diaminopyrazine and 
the preparation of a new macrocyclic compound. Diamino- 
pyrazine had been described before but the route via
2,6-dibromopyrazine required vigorous conditions (200°C) 
and gave material which required a number of recrystallis- 
sations for its purification and which apparently was 
unstable. Whilst an improved route was being found, 
a new reaction of N(1)-substituted diiminoisoindolines 
(where the substituent was benzenoid) was discovered and 
investigated.
Two-unit compounds were obtained from the reaction 
of 1:1 proportions of phthalonitrile and ja-toluidine, 
j>-chloroaniline. When 1,3-diiminoisoindoline was used 
in place of the phthalonitrile an improved yield of 
mono substituted imines was obtained. These two-unit 
compounds when heated in boiling tetralin underwent self­
condensation. Their structures were investigated by 
spectroscopy and by acid hydrolysis. The structures of 
the hydrolysis products were verified by their preparation 
from 3-imino-1-oxoisoindoline and ^-substituted aromatic 
amines. The new .condensation reaction appeared restricted 
to the foregoing two-unit products from diiminoisoindoline 
and substituted anilines.
The metal complexes of the self-condensation compounds 
were obtained using bivalent transition metal acetates 
(e.g. Ni,Co and-Cu acetates). It was found that two 
molecules of the ligand react with one molecule of the 
metal acetate.
Better routes to 2,6-diaminopyrazine were by the 
ammonolysis of 2,6-dichloropyrazine and of 2-amino-6- 
chloropyrazine. In both cases the reaction proceeded 
cleanly and in the first case at the much lower tempera­
ture of 140°C.
When 2,6-diaminopyrazine and methyl iodide were 
boiled in ethanol a quaternary salt was formed. The same 
compound arose when a large excess of methyl iodide was 
used.
Condensation of 2,6-diaminopyrazine and 1,3-diimino- 
isoindoline gave in good yield a macrocyclic compound
comprising two molecules of each reactant.
A three-unit compound was obtained from the reaction 
of two molecular proportions of 2,6-diaminopyrazine with 
one of 1,3-diiminoisoindoline in dry n-butanol for 
thirty hours. Prom equimolar amounts of 2-amino-6-chloro- 
pyrazine and 1,3-diiminoisoindoline, boiled in dry 
n-butanol, the three-unit compound was obtained.
When 1:2 proportions of 2,6-diaminopyrazine and 1,3-di- 
iminoisoindoline were refluxed in dry methanol for sixty 
hours, 2,6-his-(1-imihoisoindolin-3-ylideneamino)pyrazine 
hemi-hydrate was obtained which formed the nickel complex 
when reacted with nickel acetate tetrahydrate in ethanol.
Expected two and three-unit products were formed 
from the reaction of 3-imino-1-oxoisoindoline and 2,6- 
diaminopyrazine.
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CHAPTER I
INTRODUCTION.
The discovery of the first imidine was incidental to 
1 2other studies ’ land the method of synthesis, the cycliza- 
tion of a diamidine salt, has hardly been extended, nor has 
the related reaction of diimidoates with amines. The most
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important routes to imidines involve the cycloaddition of 
ammonia or amine to 1,2- and 1,3-dinitriles. The addition 
will proceed directly at elevated temperatures (c. 90-200°C) 
usually necessarily under pressure, but is susceptible to 
base catalysis (e.g., with alkoxides) and will proceed in 
boiling methanol, whilst sodamide or sodio derivatives of 
amines in molar proportion can be employed under very mild 
conditions. Amine salts have been little used as they react
with dinitriles only at rather high temperatures.
3
Bayer FarbenFabriken described in 1952 the preparation
of the nitrate and other salts of 1,3-diiminoisoindoline(I)
or (1-amino-3-iminoisoindoline as they preferred to regard
it) as well as the liberation of the free base by the action
of alkali on the nitrate. 1,3-Diiminoisoindoline is an
excellent precursor of metal phthalocyanines, providing for
the first time a means of satisfactorily applying these
extraordinarily fast pigments to fabrics. At the same time
4Elvidge and Linstead described a facile preparation of
1.3-diiminoisoindoline by heating phthalonitrile with an 
excess of ammonia in methanol at 90-100°C in a stainless 
steel autoclave for 4h. An almost quantitative yield of
1.3-diiminoisoindoline is obtained.
NH
(I)
Bayer FarbenFabriken in 1953 reported the preparation 
of 1,3-diiminoisoindoline, by treating phthalonitrile with 
ammonia in the absence of solvents at temperatures above 
100°C in the autoclave for 5h. An extensive study of the 
light absorption properties of imidines and many "fixed
-  12 -
bond’1 derivatives led to the conclusion that the base 
itself exists predominantly in the diimino form as written 
and not in amino - imino form. In derivatives, the substi­
tuents clearly affected the proportions of the two tautomeric 
forms.
NH
NH ^
NH2
A
The imidine(II) from A -tetra hydrophthalonitrile was
7
conveniently obtained by passing ammonia through a refluxing
solution of the dinitrile in methanol containing a trace of
8 9sodium methoxide. The method has also been used 9 for 
preparing 1,3-diiminoisoindoline but the yield was much 
inferior (A3%) to that from the addition of ammonia under 
pressure.
(II)
- 13 -
5Bayer FarbenFabriken reported that a one molar
proportion of sodamide in formamide at ordinary tempera­
tures effected the addition of ammonia to phthalonitrile,
10so affording 1,3-diiminoisoindoline. Later, however, 
they reported that 1,3-diiminoisoindoline was obtained 
from heating phthalonitrile with sodium in formamide in . 
83% yield.
11Bayer FarbenFabriken found that phthalimide under­
went reaction with phosphorus pentachloride to give the
1,1,3-trichloro-(1H)-isoindole which with ammonia then 
yielded the 1,3-diiminoisoindoline. In 1956 the same method 
was used to prepare 1,3-diiminoisoindoline by Baumann
0 0
The new imidine was closely related to 1-imino-3-oxo­
isoindoline (ill) which had been described by Brann and 
12Tcherniac , prepared by the thermal isomerisation of
ortho-cyanobenzam-ide at 200°C. This compound has been the
13subject of further study, in which it was found that the 
exocyclic imino group was reactive, and in particular it
14readily condensed with amines with elimination of ammonia.
NH
(h i )
When 1,3-diiminoisoindoline was heated in high-boiling
3 5solvents * for a long time, ammonia or, if an N-substi- 
tuted compound was used, the substituted amine was split 
off. Condensation products were obtained which contained 
tricyanocyaphenine (IV).
1 5In 1955 Elvidge and Linstead reported that when
1,3-diiminoisoindoline was heated alone at its melting 
point it dissociated to ammonia and the dinitrile. In 
boiling ethanol, butanol, or 2-ethoxyethanol 1 ,3-diimino­
isoindoline dissociates slowly and affords an appreciable 
yield of tricyanocyaphenine (IV), the trimer of phthalo­
nitrile together with a trace of phthalocyanine.
NC
CN
CN
(IV)
3 5Bayer BarbenBabriken reported * that 1,3-diiminoiso- 
indoline (amino-iminoisoindoline) dissolves in water and 
in alcohols to form the corresponding hydrate or dihydro- 
alkoxy derivative respectively (V) by addition of one 
molecule of water or alcohol respectively.
1 61,3-Diiminoisoindoline has been further examined.
It was not stable in cold water,, but during 3 days ammonia 
was evolved and 3-imino-1-oxoisoindoline (III) was then 
isolated in 70% yield. Brief boiling with the minimum of
7
water needed to effect dissolution was also effective. 
Boiling water hydrolysed the 3-imino-1-oxoisoindoline to 
phthalimide and ammonia.
Both exocyclic groups of the new-base can he substituted
When 1,3-diiminoisoindoline was heated with an excess of an
aliphatic or aromatic primary amine such as methylamine,
butylamine, benzylamine, aniline, 2-naphthylamine, 2- and
3-aminopyridine or aminopyrazine, the corresponding 1,3—
disubstituted imino derivatives^*^ were obtained with
evolution of ammonia.
Diiminoisoindoline also reacts stepwise, forming with
one mole of some bases the monosubstituted imines as for
example in the behaviour of 1,3-diiminoisoindoline with 
6 18
aniline * to give (VI) and (VII), and with 3-amino-
pyridine, or 2-naphthylamine. 6,18 The mono substitution
products were also obtained by catalysed addition of amine 
to phthalonitrile.
NH NPh
NH
OR
(V)
PhNH
(VI)
PhNH,
2 PhNH,
Attempts to obtain 3-dimethylamino-1-iminoisoindoline
(VIII) by condensation of 1,3-diiminoisoindoline with
dimethylamine, or by addition of dimethylamine to phthalo-
17nitrile failed, - However, examples of the amino - imino
tautomeric form of the imidine were successfully obtained
by alkoxide catalysis of the addition of morpholine and
-17diethylamine to phthalonitrile, to give the imidine 
compounds (IX) and (X) respectively.*
NMe
(VIII)
The condensation reactions of some N-substituted 
derivatives of diiminoisoindoline with amines in some cases 
result in a direct replacement of the substituted exocyclic 
function, as was found on treating the 1-imino-3-morpholi­
no iso indo line (IX) and 3-diethylamino-1-iminoisoindoline
(X) with aniline in the cold, when 1-imino-3-phenylimino- 
17isoindoline (VI) only was obtained. When refluxed in 
ethanol with an excess of butylamine both substituted and
- I o -
am substituted functions in the imidine derivatives (IX) and
(X) were displaced to give 1,3-dibutyliminoisoindoline
17(XI). When 1-imino-3-phenyliminoisoindoline (VI) was
treated with butylamine in boiling ethanol the dibutylimino 
17derivative (XI) was obtained.
(IX)
Bum, PhNH PhNH,
\'-
NBu
BuNH,
NPh
(XI) (VI)
In other cases, a rearrangement has also been encountered; 
for example when 1,3-dimethyliminoisoindoline (XII) was 
treated with aniline, 2-methyl-1,3-diphenyliminoisolindo-
line (XIII) resulted. 17
NMe NPh
NMe
(XII) (XIII)
3 5Bayer FarbenFabriken * reported that on heating a 
solution of 1,3-diiminoisoindoline or (amino-imino-isoin­
do line), with reducing agents, e.g., formaldehyde or 
formamide, more or less large quantities of metal-free 
phthalocyanine are obtained. Condensed 1,3-diiminoiso- 
indolines may be obtained if the reaction is accomplished 
within a short time. Condensed 1,3-diiminoisoindoline 
comprise compounds where the isoindoline nuclei are joined 
by nitrogen bridges and may contain bound alcohols as in 
the structure (XIV). In this way, 2 to 6 molecules of the
NH2
(XIV)
imidine may "be combined to form a chain or a ring. Farther 
examples are the dimolecular compounds (XV) and (XVI): 
These may be considered as obtained by the elimination 
of one molecule of ammonia from two molecules of 1,3-di- 
iminoisoindoline or of two molecules of alcohol from 
two molecules of the dialkoxy compounds.
The macrocycle obtained by elimination of 4 molecules
of ammonia from 4 molecules of 1,3-diiminoisoindoline (I)
would be dehydro-phthalocyanine (XVII), which is a hypo-
15thetical compound. Indeed Elvidge and Linstead showed 
that in the self-condensation of 1,3-diiminoisoindoline, 
a reducing agent was essential, as expected.
(I)
-NH.
(XVII)
When 1,3-diiminoisoindoline was heated alone in boiling 
ethanol, butanol, or 2-ethoxyethanol, the formation of 
phthalocyanine was negligible but in boiling tetralin a 
45% yield of phthalocyanine resulted. In contrast, in nitro 
benzene (a dehydrogenating. agent) at the same temperature 
no phthalocyanine was formed.
1 8Elvidge and Golden reported that when solutions 
of 1,3-diiminoisoindoline and m-phenylenediamine were 
mixed in the cold, a yellow 2:1 adduct was formed (XVIII).
Similar adducts are formed with 2,4-diaminotoluene and
2,6-diaminopyridine. Structures alternative to (XVIII) 
and its congeners were considered but were rejected on 
chemical and spectroscopic evidence. The adducts were very 
sensitive to acids. Thus in ethanol solution they were 
labile to picric acid which precipitated diiminoisoindoline
NH
(XVIII)
picrate almost quantitatively. In the absence of acid, 
the phenylenediamine adduct (XVIII) was moderately stable, 
32%. being recovered from boiling ethanol after 1.5h. 
Diiminoisoindoline did not form adducts in the cold with 
m-aminoacetanilide or aniline, and like £■ -naphthy1amine, 
afforded only the known mono- condensation products 
(XIX ; R=m-CgH^«NHAc,Ph , and 2-C^qH^, respectively).
In the present work, attempts were made to synthesise 
an adduct from 2,6-diaminopyrazine and 1,3-diiminoisoindo- 
line. A solution of diiminoisoindoline (2moles) in hot 
ethanol was filtered into ethanolic 2,6-diaminopyrazine 
(imole) and was kept in the refrigerator for 7 days but 
no solid separated out. When the solvent was removed under 
reduced pressure at room temperature, a solid smelling 
strongly of ammonia was obtained, but the pure adduct could 
not be isolated because of its unstable nature.
m
m
(XXX)
—The discovery that both imino functions of 1,3-diimi-
noisoindoline could react with primary amines led to the
construction of an entirely new type of macrocyclic compound.
Thus, when 2,6-diaminopyridine and 1,3-diiminoisoindoline
underwent reaction, eliminating ammonia, they yielded a
19macrocyclic compound with the structure (XX). This new 
macrocycle showed considerable thermal stability, and the 
property of forming metal complexes of a type similar to 
those of phthalocyanine. The central sixteen-membered ring 
was similar in size and shape to that found in phthalo­
cyanine, and the pyridine nitrogen atoms could perform a 
similar coordinating function to those of the second pair 
of isoindole nitrogens in phthalocyanine. Thus the macro- 
cycle (XX) combined with bivalent, tetracoordinate metals 
capable of existing in a planar symmetry to form stable 
derivatives.
N N
N N
(XX)
20An X-ray analysis of the nickel derivative confirmed 
the macrocylic structure, and further showed that the 
isoindole and pyridine residues were alternately tilted 
out of this plane through 25°C , in opposite directions 
to each other. Thus the molecule has a shallow saddle-like 
structure.
21Subsequent work led to the discovery that this con­
densation reaction was by no means unique for 2,6-diamino- 
pyridine and could be readily extended giving analogous 
macrocyclic compounds of the general type (XXI), where R 
is m-phenylenediamine, 2,7-diaminonaphthalene, 2,8-diamino- 
acridine and 3,5-diaminopyridine.
In the above series of molecules only the 2,6-diamino- 
pyridine macrocycle showed the formation of a metal complex 
in which the metal lay within the central ring. The 
3,5-diaminopyridine macrocycle was found to form complexes 
with several metals but these were not thought to be of the 
above type.
N N
NH HN
N
(XXI)
It was observed that the introduction of a metal into
the central hole of structure (XX) produced a pronounced
bathochromic shift in the light absorption spectrum compared
22with the metal-free macrocycle. The suggested explana­
tion of this shift, not observed in the phthalocyanine 
series, was that whilst the parent structure (XX) exists 
in a cross conjugated form, the metal derivatives might 
have a fully conjugated arrangement of double and single 
bonds round the large ring. Such a completely conjugated 
system would be expected to show absorption at longer 
wavelengths.
The macrocyles were all prepared in a one-stage 
synthesis, whereby the diamine and 1,3-diaminoisoindoline 
were heated in boiling n-butanol or the diamine and phtha- 
lonitrile were heated in boiling ethanediol. It was of 
interest to see if the macrocyclic structure could be 
built up via a stepwise synthesis and when further work 
was carried out at lower temperatures and with varying
relative concentrations of reactants, a number of inter-
17 18 24-mediates were obtained. 9 9 Among the many interme­
diates of this type were two, (XVIII) and (XXII).
(XXXI)
1 RClark has observed ° that when the m-phenylenediamine-
diiminoisoindoline adduct (XVIII) was heated in boiling
butanol, ammonia was evolved and the yellow benzene
macrocycle (XXIII) was obtained together with a new red
compound. Heating the adduct (XVIII) in butanol with a
molar proportion of m-phenylenediamine gave only the
18yellow benzene macrocycle (XXIII). When 1,3-diimino-
isoindoline was used instead, the red compound representing
a new type of macrocycle, was obtained. This was the
triisoindole-benzene macro cycle .(XXIV) having the three-
1 8quarters of the chromophore of phthalocyanine.
- 2 8  -
(XXIII)
(XVIII)
(XXIV)
The triisoindole-toluene macrocycle (XXV) was
obtained by condensing the three-unit product (XXVI)
with diiminoisoindoline in boiling butanol. The three-
unit product (XXVI) formed slowly from the toluene-
2, 4-diaminediiminoisoindoline adduct (XXlFIl) in solu- 
1 8tion. No triisoindole-toluene macrocycle (XXV) resulted
from heating the toluene-2,4-diaminediiminoisoindoline
adduct (XXVII) with or without diiminoisoindoline, and
no analogous red macrocycle came from similar experiments
with the 2,6-diaminopyridinediiminoisoindoline adduct.
Instead, only the thermally stable macrocycles(XXVIII)
18and (XX) , were obtained, presumably because of the 
dissociation of the adducts in hot solution and recombi­
nation of the components to give the most stable products.
The three-unit, compound (XXIX) condensed with
2,6-diaminopyridine to give the 2,6-pyridine macrocycle
(XX) but failed to react with 1,3-diiminoisoindoline even
24in boiling butanol.
(XXVI)
NH
NH HN
NH
(XXVII)
CH
HNNH
CH
(XXVIII)
(XXIX)
The triisoindole-benzene macrocycle (XXIY) contains 
only one replaceable hydrogen in the central ring and 
early attempts to prepare metal derivatives were not 
conclusive.
Smirnov and Berezin, however, have, reported the pre­
paration of metal complexes of this ligand, in which the
22metallated macro cycle acts the part of a cation (XXX). 
These authors found that the macrocycle was cross conju­
gated in the metal-free state, but gave rise to a new 
chromophore characterised by longer wavelength absorption 
on the introduction of a metal into the ring.
N M - r-N
(XXX)
The three-unit compound (XXIX) was also prepared 
25
later by the condensation of 2,6-diaminopyridine with 
two molecular proportions of diiminoisoindoline in boiling 
methanol.
The ligand 2,6-bis(1-iminoisoindolin-3-ylideneamino)-
26pyridine (XXIX) has been cited as exhibiting univalent 
bidentate behaviour with nickel chloride (XXXI). However, 
with nickel acetate it behaves as a divalent tridentate 
ligand (XXXII). 5
By heating the nickel complexes (XXXII) with diimino­
isoindoline and benzoquinone in dimethylformamide, .
25Bamfield and Mack achieved a template synthesis of a 
triisoindole-2,6-pyridine macrocycle nickel complex 
(XXXIII). The presence of the metal atom appears to hold
the molecule in the required stereochemical environment 
for easy condensation, since reaction without the presence 
of metal posed considerable difficulties.
Cl
NH Cl
(XXXI)
NH
(XXXII)
N —  Ni —  N
N
(XXXIII)
It would appear,though, from the discussion in their paper 
that they really used hydroquinone although "henzoquinone” 
is stated in the experimental. The condensation of the 
3-unit compound (XXXIX), as the metal complex (XXXII), 
with di-iminoisoindoline would lead to the monovalent metal 
chelate (XXX). The neutral divalent metal chelate (XXXIII) 
could only he formed through an additional 2-electron 
reduction.
CHAPTER II
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1. 2-Hydro xypyraz ine
The hydroxypyrazine was prepared by a synthetic
27— 5^1route from diethylmalonate as shown in Scheme (I).
Diethylmalonate in an acetic acid-water mixture 
was treated with sodium nitrite at 5°C. After the 
addition of sodium nitrite the exothermic reaction was 
left for 4h. at room temperature with stirring. After 
work-up the etheral solution of diethyl isonitroso- 
malonate was washed with 1% sodium bicarbonate solution, 
and the ether was removed under reduced pressure at a 
temperature below 30°, Diethyl isonitrosomalonate may 
decompose with explosive violence on heating, and was 
used immediately in the next step.
The mechanism of the reaction
The nitroso group may be introduced via the olefinic 
carbon which is strongly activated towards electrophiles, 
such as that in an enol and reacts with nitrous acid or 
an organic nitrite in an acid-catalysed process. The 
electrophile may be the nitrosonium ion, N0+ .
NaU0o + CH-COOH ------> CH,C00Na + HN0o
£ o 3 2
, +
H0-N=0 + H i —  - H O -N=0 ; --- Hg0 + NO
- 37 -
Reaction may therefore occur as in I:-
(i)
,COOEt H COOEt
\
°§2
^COOEt C — OEt
NO- - :0H
H COOEt + H COOEt
\  /  -H \  /■
V N C - OEt /N COOEt
1 00 OH
COOEt
HO N = G ^
COOEt
If the product has a hydrogen atom attached to the
nitroso-hearing carbon, it tautomerizes to the more
stable oxime.
Alternatively, if nitrous acid is the reagent, then
the reaction can be written as in II:-
COOEt 
H' ^  COOEt
OH
HO-N COOEtXH COOEt “H2
COOEt
HO —  N =  c X
COOEt
Hydrogenation of diethyl isonitrosomalonate was
carried out in absolute alcohol by using 10% palladium
on charcoal as catalyst. The solvent was removed under
reduced pressure at a temperature below 50°C because
diethyl aminomalonate is not as stable as its salts.
Aminomalonamide was prepared by treating the amino-
malonic ester with saturated aqueous ammonia at 0°C in
which the ester dissolves, and the temperature of the
solution was raised slightly. After about 30 minutes,
the amide started to separate. The yield was 57%, but in
2 9the literature, the reported yield was 92%.
The mechanism is illustrated 'below:
H
0
I!
C-OEt
\  /;c ?o
H0N \C-OEtc:NH_
0
i
—  C —  OEt 
+NEL
r OH
*/ f*C —  OEt 
I
NH0
o
+ EtOH
NH, h 0n x  x c -n h 02 il 2
0
The reaction involves nucelophilic attack by a 
base (ammonia) on the electron-deficient carbon.
One equivalent of sodium hydroxide was added slowly 
to a mixture of glyoxal and aminomalonamide in aqueous 
solution with stirring at low temperature and condensa­
tion occurred. The solution was allowed to stand at room 
temperature with continuous stirring for a few hours, 
and glacial acetic acid was then added with stirring, 
to give 2-hydroxypyrazine-3“carboxamide as pale yellow 
crystals from water.
- 4U -
The free acid 2-hydroxypyrazine-3-carboxylic acid, 
was obtained by heating 2-hydroxypyrazine-3-carboxamide 
in sodium hydroxide for 20h. The mixture was neutralised 
with hydrochloric acid and the solid was collected and 
washed with ice-water and dried.
When 2-hydroxypyrazine-3-carboxylic acid was heated 
in carbitol acetate under reflux for ten minutes, carbon 
dioxide was evolved. Petroleum ether was added to the 
cooled mixture and the solid was collected to give
2-hydroxypyrazine (15% yield). But when 2-hydroxypyrazine-
3-carboxylic acid was adequately dried, the yield 
increased to 85%, by heating the acid compound under 
reduced pressure at 100° for 5h.
The second method was followed to prepare 2-hydroxy-
32-35pyrazine as shown in Scheme II.
Ethyl p-amino-p -ethoxyacrylate hydrochloride was 
prepared by treating ethylcyanoacetate with absolute 
alcohol and dry hydrogen chloride in dry ether. Dry 
hydrogen chloride was passed through the solution until 
the weight of the solution increased by 0.37g for every 
1g of ethylcyanoacetate. After leaving the solution 
in the ice-bath for 24h. the hard mass of prisms of 
the hydrochloride, was filtered off, and stored in a
vacuum desiccator over calcium chloride. Yield 76%
(m,p.99-101° dec.).
Scheme I
h 2c
C00CoHc 
/  2 5
COOC^Hp. 
 ^ 71
HO-N=C
COOC^Hp.
X  2 5
C00CoHc 
l 0
H - COOC0Hc
X  X  2 5 c
H2N ^COOCgH
h 2n
CH-CONH,
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The mechanism of the reaction
The carbon-nitrogen triple bond in the nitrile is 
attacked by nucleophiles such as alcohols in the presence 
of acid.
/-v H +
EtOOC-CHp— CHN  * BtOpC-CH„-C=N-H + H
* d  ^o
Et-O-H
OEt
Et09C-CH9-C ^
^ n h 2ci
A suspension of ethyl- p -amino-p -ethoxyacrylate
hydrochloride in absolute alcohol, previously saturated
with ammonia was taken and ammonia was bubbled through
the suspension for 4h. with shaking. The suspension was
left in a stoppered flask for five days at room tempera-
. _. *
ture. Malonamamidine hydrochloride was filtered off and 
recrystallised by dissolving the amidine hydrochloride 
in a minimum amount of water. Five volumes of absolute 
alcohol were added, followed by sufficient ether to 
induce crystallisation (m.p.176-177°), yield 76%.
* Nomenclature as in ref.33
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Benzenediazonium chloride was added to the malo- 
namamidine hydrochloride in water, and a concentrated 
aqueous solution of sodium acetate was added to the 
resultant mixture to adjust the pH to approximately four.
Yellow needles of the azo compound started to separate 
out, and the reaction mixture was left at room tempera­
ture for several hours, then left overnight in the 
refrigerator. Phenylazomalonamamidine hydrochloride was 
filtered and washed with a small amount of water. It was 
recrystallised from alcohol and ether (m.p.199-200°), 
yield 92% (Literature yield 90%).^
The mechanism of the reaction may be summarised as follows:
Primary amines react with nitrous acid in acidic 
solution to give diazonium ions.
+ +
- H O  + N0+HO-NO + H - H„0-N0 v
NO
+
Ph-N=N^0HPhNH2 ■» Ph-Nj-N =  0I-*
H
 ^ Ph-N=N
+
[p h -n e n] cx
The diazotization of primary aromatic amines is 
normally carried out hy adding an aqueous solution of
sodium nitrite to a solution or suspension of the amine 
hydrochloride in an excess of hydrochloric acid which 
is cooled in an ice-bath. The rate of addition is 
controlled so that the temperature of the reaction 
remains below about 5°C, and the addition is continued 
until the solution oust contains an excess of nitrous 
acid.
NH0 NH9I 2 i 2
H i . CO NH0 CO
2 \  ■ i TT ______. / +
r v c ^ 5 r H ’—  r ? > cT c — H H
+H2 H HH2 Cl
Cl" Cl" vJ'
rn2
NH. ' <3=0
/* J^ ,C —  CH
I
NH2 N=N-Ph + H+Cl"
Cl"
The reduction of phenylazomalonamamidine hydro­
chloride was carried out by adding phenylazomalonama­
midine hydrochloride to zinc dust in 9&/o formic acid 
over one hour. After the addition was complete the 
suspension was warmed until the azo colour disappeared, 
then filtered and washed with formic acid. The filtrate
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was concentrated under reduced pressure to a syrup.
The concentration was repeated with several additions 
of water until the odour of the formic acid disappeared. 
The temperature was kept below 50° during the process. 
The syrup was taken up in water and freed of zinc by 
passing hydrogen sulphide throught the solution until 
no further white precipitate was formed. The filtrate 
from the zinc sulphide was concentrated under reduced 
pressure with repeated additions of absolute alcohol 
to remove water. To separate the formamidomalonamamidine 
from the formanilide which formed during the reaction, 
methanol was added to the residue and methanolic 
hydrogen chloride was added to the solution 'until an acidic 
reaction'*'' was obtained (moist litmus paper). Then a 
further addition (2-3ml) of methanolic hydrogen chloride 
was made. A large volume of anhydrous ether was added 
without delay. Formamidomalonamamidine hydrochloride 
was precipitated as a gum and the etheral layer which 
contained the formanilide was quickly decanted. A few 
drops of water were added to the product and ethanol 
was added followed by anhydrous ether to complete 
crystallisation. Formamidomalonamamidine hydrochloride 
was obtained as the hemihydrate, m.p.94-96*? The forma­
midomalonamamidine hydrochloride was boiled with
methanolic hydrogen chloride, and sufficient water was
added slowly to the boiling suspension to bring about 
solution. After 10 minutes, the solution was evaporated 
to dryness under reduced pressure, and a few drops of 
water were added to the residue which was induced to 
crystallise by slow addition of absolute alcohol and 
ether. The aminomalonamamidine dihydrochloride separated 
out as colourless crystals (m.p.208-209°), yield 80% 
(literature yield 78%).
Cyclization of aminomalonamamidine dihydrochloride 
was carried out by treatment with dry glyoxal bisulphite. 
Concentrated ammonium hydroxide was then added dropwise 
for 15 minutes with stirring and when neutrality was 
reached, a solid started to separate as a light cream 
suspension. Stirring was continued overnight at room 
temperature,and then the solid was filtered off. It was 
recrystallised from water to give 2-aminopyrazine-3- 
carboxamide as a pale yellow solid (m.p.234-236°), 
yield 70% (literature yield 76%).^ The infrared spec­
trum of the material (Nujol) showed the presence of
four N-H stretching bands, 3415 cm”"1, 3390cm”"1, 3270cm”"1,
-1 -12190cm and a carbonyl band at 1690cm
2-Aminopyrazine-3~carboxamide was heated under 
reflux in 3N-sodium hydroxide for 1.5h. Ammonia was 
evolved during the reaction, and after one hour hydro­
chloric acid was added to the hot solution until the
acidity of the reaction mixture reached pH 3. The free 
amino acid started to separate, and when the mixture 
had cooled, the product was filtered off and recrys­
tallised from water to give 2-aminopyrazine-3-earboxylic
acid as fine yellow needles, yield 60% (literature
/x 34- ' -yield 78%). Its infrared spectrum showed two hands
—  1 —1
at 3460cm and 3520cm (primary NH) and a carbonyl
band at 1715cm in Nujol.
2-Hydroxypyrazin©3-carboxylic acid was prepared by 
diazotization of 2-aminopyrazine-3-carboxylic acid, by 
adding a cold solution of nitrosylsulphuric acid at 
0° over a period of fifteen minutes to the cold solu­
tion of 2-aminopyrazine-3-carboxylic acid in concentrated 
sulphuric acid with stirring. The cold diazonium solu­
tion was added carefully with stirring to cracked ice, 
the product was filtered off and washed with cold water 
and dried under vacuum to give 2-hydroxypyrazine-3- 
carboxylic acid (m.p.and mixed m.p.214-216°), yield 60%. 
The authentic compound was prepared as mentioned in 
Scheme I.
2-Hydroxypyrazine was obtained as yellow needles 
by decarboxylation of 2-hydroxypyrazine-3-carboxylic
acid as mentioned in Scheme I and had m.p,187-188°, 
mixed m.p.186-188 » yield 85%#
Scheme II
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2. 2-Chloropyrazine
Hydroxypyrazine and phosphoryl chloride which was 
distilled before use, were heated for one hour at 105°.
The product, 2-chloropyrazine (XXXIV) was obtained as 
a colourless ( 
yield 92%).^
oil (b.p.52°), yield 76% (literature
(XXXIV)
3. 2,6-Dichioropyrazine
2-Chloropyrazine is easily chlorinated to dichloro- 
pyrazine by .a direct chlorination in the liquid phase 
at atmospheric pressure under very mild temperature 
conditions.
The use of a polar solvent, which in the presence 
of water induces the protonation of water to form the 
hydronium ion (H^O ), appears to be an essential require­
ment. If the concentration of hydronium ion (H^0+) 
present is over about two per cent, 2,6-dichloropyra- 
zine is formed; if the concentration of the hydronium 
ion is decreased, substitution in both the 3 and 6
position occurs to yield 2,3- and 2,6- dichloropyra- 
zine; if a minimal hydronium ion concentration exists, 
or the reaction is carried out under dry conditions, 
the 2,3-dichloropyrazine orientation is favoured.
To a solution of 2-chloropyrazine in bLimethylfor- 
mamide, 4% of water was added. Chlorine was passed 
through the solution with heating to 70-75° for 30 
minutes. When the reaction was complete, the mixture 
was cooled to 40° and was poured into ice-water. The
37solid was filtered to give 2,6-dichloropyrazine (XXXV) 
as greenish crystals; by sublimation colourless crystals 
were obtained yield 80%.
CI^N '''X31
(XXXV)
38It is known in the literature that the ammo- 
nolysis of fluoropyrazine in 28% aqueous ammonia at 
room temperature for one week (mild conditions) gives 
aminopyrazine in a good yield. Under similar conditions
2,6-diaminopyrazine could probably be prepared easily 
from 2,6-difluoropyrazine in a reasonable yield.
(since 2,6-diaminopyrazine appears to be somewhat 
unstable it was not surprising that it was obtained in 
a low yield by the other reported routes.39*40,41^
4. Attempted preparation of 2,6-difluoropyrazine
2,6-Difluoropyrazine was prepared by Cheeseman 
and Godwin,^ from 2,6-dichlorpyrazine and an excess 
of dried potassium fluoride in N-methyl-2-pyrolidone 
at 97°C for twenty five hours, with shaking. The mixture 
was distilled under reduced pressure (0.4nnn), and the 
first fraction was added to the liquid which had been 
trapped at -80°C and redistilled under reduced pressure 
(0.2mm). A mixture of .2-chloro-6-fluoropyrazine and
2,6-difluoropyrazine was obtained as a liquid which 
trapped out at -80°C. Several attempts were made to 
separate the components of the mixture by fractional 
distillation. These were carried out at atmospheric 
pressure and a temperature of 90-92°C.
The mass spectrum obtained supported the formation 
of 2-chloro-6-fluoropyrazine and showed M+ , m/e 132. 
However, the sample also showed a peak at m/e 116 
which indicates that 2,6-difluoropyrazine was also formed.
It must be pointed out that m/e 132 could not lead to 
m/e 116. The fragmentation m/e 132 —>97 and m/e 116— >
4 * * •
97 indicated loss of ( ; Cl* ) or ( *. F * )
respectively. Also, attempts were made to modify 
the above procedure in order to obtain the 2,6-difluo- 
ropyrazine only. The reaction was carried out for 
twenty five hours as described with the same quantity 
of dried powdered potassium fluoride added and the 
reaction was heated for another twenty five hours 
with shaking. Unfortunately, a mixture of 2,6-difluo- 
ropyrazine and 2-chloro-6-fluoropyrazine was also 
obtained in this case. 2,6-Dichloropyrazine and a 
double quantity of dried potassium fluoride in N-methyl- 
2-pyrrolidone were heated for fifty hours at 97°C with 
shaking and the mixture was formed again.
5. 2-Amino-6-chloropyrazine
432-Amino-6-chloropyrazine (XXXVI) was obtained
by heating the 2,6-dichloropyrazine and concentrated
aqueous ammonia in a sealed tube at 135-140°C for 14h.
The infrared spectrum of the product (Nujol) showed
-1 -1only two N-H stretching bands at 3320cm and 3190cm .
The mass spectrum supported the formation of the 2-amino- 
6-chloropyrazine and showed M+ , m/e 129.
The H nmr spectrum in dmso-d^ solution also
confirmed the structure of 2-amino-6-chloropyrazine
and showed one singlet signal at 7.0 b for the two protons
(N^) an<^  "^wo singled signals at 7.83 8 and 7.97 8 
assigned to the aromatic protons.
C l - ^ N- NH2
(XXXVI)
6. Attempted preparation of 2-amino-6-fluoropyrazine
Unsuccessful attempts were made to prepare 2-amino-
6-fluoropyrazine by heating 2-amino-6-chloropyrazine with
dry potassium fluoride in the presence of 18-crown-6-ether
in dry acetonitrile for 52h., using the method of Liotta 
44and Harris.
7. 2,6-Diaminopyrazine
2,6-Diaminopyrazine was prepared in good yield by 
heating a mixture of 2-amino-6-chloropyrazine (XXXVI) 
and 28% aqueous ammonia with a trace of copper as catalyst 
in an autoclave or sealed Carius tube at 195-200° for 
24h to give 2,6-diaminopyrazine (XXXVII), which was
isolated from the reaction mixture by continuous extrac-
- 54 -
tion with ether in 50% yield.
(XXXVII)
The infrared adsorption spectrum showed N-H stretch 
ing frequencies at 5455, 3400, 330O and 3140 cm”1 for
the two amino groups in Nujol.
-1
The H nmr spectrum in dmso-dg solution of 2,6- 
diamino pyrazine (Figure 1) showed that the NH^ signal 
was a singlet at 5.7  ^ and was assigned to the four 
protons (two amino groups). The two aromatic protons 
gave a singlet at 7.04S .
2,6-Fiaminopyrazine was prepared from 2,6-dichlo- 
ropyrazine and concentrated aqueous ammonia with a 
trace of copper used as catalyst by following the same 
procedure mentioned above. The mixture was heated in 
a sealed tube at 140°C for 16h. 2,6-Diaminopyrazine 
was obtained as fine yellow needles in 70.5% yield.
H 2H
t)
Fig. 1 2,6-BLaminopyrazine (XXXVII) in dmso-dg
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39It is known from the literature that 2,6-diamino- 
pyrazine is fairly sensitive to oxidation. An aqueous 
solution of 2,6-diaminopyrazine was kept at room tempe­
rature for two weeks, and a brownish black precipitate 
was formed. When 2,6-diaminopyrazine was kept in the 
light and air at room .temperature for two weeks, the 
colour changed to light green and therefore the compound 
was stored in a dark bottle under vacuum.
The 2,6-diacetamidopyrazine derivative was obtained 
by adding an excess of acetic anhydride to 2,6-diamino-
A *1
pyrazine using the method of Barot and Elvidge.
The infrared spectrum showed a C=0 stretching frequency 
at 1680cm , identical to that shown by an authentic
sample.
CHAPTER III
1. Reaction of phthalonitrile with primary aromatic
monoamines
The work outlined in Chapter I mentioned the
■z g  -j o
preparation of monosubstituted imines (XXXVIII) 9 9 
which are alternatively prepared by the catalysed 
addition • of amines to phthalonitrile.
The essential feature of this reaction is obviously 
the attack by the amine lone pair on the electron-defi­
cient nitrile carbon. On this basis,the inclusion of 
a strong base as catalyst in the reaction would assist 
the removal of a proton from the amine; this would 
generate the anion, which by reason of its increased 
basicity, would be more reactive towards the nitrile.
Reactions of phthalonitrile with primary aromatic 
monoamines were examined. When the equimolar amounts 
of phthalonitrile and p-toluidine were heated together 
in boiling methanol containing sodium methoxide as 
catalyst, 1-imino-3-p-tolyliminoisoindoline (XXXVIIIa) 
was obtained in 81.8% yield after four hours. The 
yellowish green solution which was obtained at the end 
of the reaction was left to cool at room temperature, 
and yellow crystals started to separate and a trace
- 59 -
of phthalocyanine was formed. Several recrystallisations
Under the same conditions,the preparation of the 
expected two-unit products were carried out (XXXYIIIh), 
(XXXVIIIc) and (XXXVIIId), from jD-ani si dine, p-chloro- 
aniline and benzylamine in 75.6%, 78.2% and 51% yields 
respectively.
gave yellow crystals, m.p.195-197?
(a) R
NR
'NH
(XXXVIII)
The two-unit compounds (XXXVIIIt) and (XXXVIIIc) 
were obtained as orange and yellow crystals from
3-Benzylimino-1-iminoisoindoline (XXXVIIId) was 
obtained as colourless crystals, and during the reaction 
phthalocyanine was formed in greater quantity than in 
the other cases. When 3-benzylimino-1-iminoisoindoline 
was boiled in methanol for recrystallisation, a trace 
of blue compound was formed which may mean that 
decomposition occurred during the heating; thus the 
compound must be dried under vacuum at room temperature. 
3-Benzylimino-1-iminoisoindoline is stable at room 
temperature and has m.p.163-166° dec.
A suggested mechanism is illustrated for the 
reaction of one molecule of a primary amine with one 
molecule of phthalonitrile.
methanol m.p.184-186° and 196-198° respectively.
(a)
H
E -I^-H
rapid
I ©
r ^ ^ r '" C" 1IK
/ ’
R-N-H
The initial step is nucleophilic attack by the amine 
lone pair on the carbon of the polarised -CEN function. 
Intramolecular cyclization can then occur, either (a)
concomitantly or (b) sequentially.
In the synthesis of (XXXVIIIa, XXXVIIIb and XXXVIIIc) 
use of 1,3-diiminoisoindoline in place of phthalonitrile
gave an improved yield of monosubstituted imines.
'• / N 4
1,3-Diiminoisoindoline (I) was made by heating the 
dinitrile and liquid ammonia in methanol in an autoclave, 
the cooled solution was filtered from a trace of phthalo­
cyanine and concentrated under reduced.pressure. The fine 
light green solid was recrystallised from methanol (charcoal), 
then ether was added to give a colourless fine powder, 
m.p.196° dec. and mixed m.p.194-196° dec. yield 97%.
Heating the imidine with p-toluidine, p-anisidine and 
p-chloroaniline in boiling ethanol produced vigorous 
evolution of ammonia. After two hours the yellowish solution 
was cooled and the solid started to separate to give the 
two-unit product 90.5%, 83% and 88% yields respectively.
All the two-unit compounds were coloured and the m.p. and 
mixed m.p. with those prepared from phthalonitrile proved 
they were the same.
The mechanism of the reaction of a primary amine with
1,3-diiminoisoindoline to give (XXXVIII) is shown below:
O?
ROT,
m
NH
mi? ?n-r
NH + NH, ^
3
H
H2Nf) £n-R
The structures of compounds (XXXVIIIa-d) were esta­
blished by elemental analysis and by spectral properties.
The infrared spectral data is shown in experimental Chapter V. 
1-Imino-3-j>-tqlyliminoisoindoline (XXXVIIIa) shows a single N-H
stretching frequency at 3300cm as a weak band, and strong
- 1bands at 1683 and 1633cm from the C=N functions, whilst com­
pound (XXXVIIIb) produces sharp bands for the N-H stretching 
frequency at 3460 and 3320cm and three absorption bands at 
1675,1660 and 1640cm  ^ due to the C=N»
function. 3-p-Chlorophenylimino-1-iminoisoindoline (XXXVIIIc)
-1
shows two N-H stretching hands at 3460cm (very weak) and
3300cm (as a very weak broad band) and medium absorption
at 1680cm""1 and 1630cm”1 Compound (XXXVIIId) shows the N-H
—  1stretching frequency at 3260cm (as a weak broad band)
-1 -1and two strong bands at 1680cm and 1645cm due to the
C=N function.
The ultraviolet absorption spectra provided supporting 
evidence. The considerable data gathered on the fine struc­
ture of diiminoisoindoline and its derivatives has previously 
been referred to (Chapter 1). By comparing many fixed-bonded 
structures using simple derivatives, it has been possible 
to demonstrate that iminoisoindolin-type compounds (A) 
show absorption maxima at shorter wavelengths than the 
aminoisoindolnine-type compounds (B). In the oxo series 
of the type exemplified by (A), maxima at around 302nm 
were observed whilst the type (B) structures showed maxima 
at around 343nm. In the corresponding imino series the 
type (A) compounds exhibit between 302-320nm and type (B) 
from 368-379nm.
Prom the data reported in Chapter V , it follows 
that the introduction of a p-substituted aniline onto
diiminoisoindoline causes a bathochromic shift. The
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maximum absorption of the compounds (XXXVIIIa-c) in 96% 
ethanol occurs at 360nm, 374nm and 354nm respectively 
(Figure 2). They are probably a tautomeric mixture of the 
amino-imino and diimino forms in which the amino-imino 
form predominates type (B). 3-Benzylimino-1-iminoisoin­
doline (XXXVIIId) shows an absorption maximum at 305nm 
which would seem to favour the iminoisoindoline type (A).
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Pig. 2 Light absorption spectra of mono-substituted
1,3-diiminoisoindolines.
2. Self-condensation of mono-substituted 1,3-diimino- 
isoindolines.
Aromatic mono- substituted imines undergo self-conden­
sation when heated in high boiling solvent to give a 
bimolecular compound (XXXIX) where the two molecules are 
joined by a nitrogen bridge,
A possible mechanism for self-coridensation is shown 
below:
'NR
NH
:NH
NR
NR
NH
N-H
NR
NR
NH
+ NH.
NR
(XXXIX)
The reaction occurs by the splitting of one molecule 
of ammonia from two molecules of the mono- substituted 
imine•
1-Imino-3-phenyliminoisoindoline was obtained by 
reflux of 1,3-diiminoisoindoline and aniline-in ethanol 
for 2h. Ammonia was evolved during the reaction and the 
product was obtained as yellow crystals, m.p,203° dec. 
yield 80%. When 1-imino-3-phenyliminoisoindoline was 
added to boiling tetralin, within 3 minutes the colour of 
the solvent changed to dark red and a blue solid started 
to separate (phthalocyanine). The mixture was cooled to 
100°C, filtered from the phthalocyanine which formed and 
methanol was added to the solution. A solid started to 
form as a red compound which was recrystallised from 
acetone to give 3- [ 3-phenyliminoisoindolin-1-ylideneamino ]- 
1-phenylimino-(1H)-isoindole (XXXIXa) as red needles, 
yield 9.5%. 1-Imino-3-phenyliminoisoindoline (0.7g) was 
found unchanged. But when nitrobenzene was used as a - 
solvent instead of tetralin the yield was decreased (5.2%) and 
when the reaction was boiled for 15 minutes the yield was 
not improved as only (5.8%) was obtained. When tetralin 
was used as a solvent the yield of the self-condensation 
product, was more than when nitrobenzene was used as a 
solvent,^may be because tetralin is a reducing agent and 
nitrobenzene is a dehydrogenating agent.
Each of the compounds 1-imino-3-p-tolyliminoisoindoline 
(XXXVIIIb), 3-p-anisylimino-1-iminoisoindoline (XXXVIII c) 
and 3-£-chlorophenylimino-1-iminoisoindoline (XXXVIIId), 
was boiled individually in tetralin for 3 minutes; self­
condensation occurred. 3- [ 3-p-Tolyliminoisoindolin-1- 
ylideneamino ] -1-p-tolylimino-(1H)-isoindole (XXXIXb) 15%,
3- [3-p-anisyliminoisoindolin-1-ylideneamino ] -1-p-anisyl- 
imino-(1H)-isoindole (XXXIXc) 20.7% and 3- [3-p-chloro- 
phenyliminoisoindolin-1-ylideneamino ] -1-p-chlorophenyl- 
imino-(1H)-isoindole (XXXIXd) 10.5%, were produced 
severally.
NR
N
NR
(d) R =  NV -  Cl
(XXXIX)
The self-condensation structure was supported by 
elemental analysis and by spectral properties. The infrared 
spectral data (Chapter V) for the self-condensation 
compounds (XXXIXa-d) shows one band in the N-H region 
as expected and shows C=N stretching bands.
The light absorption spectra (Chapter V) show a 
maximum at a wavelength of 325nm, 335nm, 327nm and 342nm 
respectively (Figure 3).
3. Attempted self-condensation of mono-substituted
1,3-diiminoisoindoline
An attempt was made to prepare 3- [3-butylimino- 
isoindolin-l -ylideneamino ] -1-butylimino-(1H)-isoindole 
by boiling 3-butylimino-1-iminoisoindoline in tetralin 
for 3 minutes. Phthalocyanine was formed during the 
heating and the mixture was filtered off from phthalo­
cyanine at 100°C, methanol was added to the solution and 
it was kept in the refrigerator overnight but no solid 
was precipitated. The solvent was evaporated to dryness 
under reduced pressure, dry ether was added to the resi­
due and the 3-butylimino-1-iminoisoindoline (83.3%) was 
recovered. No evidence was found for the formation of 
self-condensation product.
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Fig. 3 Light absorption spectra of self-condensation 
compounds.
Further attempts were made by using different solvents. 
When m-dichlorobenzene was used under the former conditions 
the starting material (80%) was recovered. When 3-butylimino- 
1-iminoisoindoline was boiled in nitrobenzene for 3 minutes, 
unreacted starting material (60%) was recovered and no 
evidence of self-condensation was found. When the solution 
was boiled for 15 minutes the starting material decomposed.
Similarly, attempts made by boiling 3-benzylimino-1- 
iminoisoindoline in different solvents did not lead to any 
self-condensation product. 3-Benzylimino-1-iminoisoindoline 
was boiled in tetralin for 3 minutes. After work-up, 
the starting material was recovered in 50% yield, but 
when the reaction was carried out for 10 minutes 10% 
of the starting material was recovered. When the reaction 
was carried out for 3 minutes in m-dichlorobenzene 30% 
of the starting material was recovered.
An unsuccessful attempt has also been made to obtain 
3- [ 3-benzyliminoisoindolin-1 -ylideneamino '] -1 -benzyl- 
imino-(1H)-isoindole by dry heating of 3-benzylimino- 
1-iminoisoindoline at the melting point for 5 minutes, 
the material was completely decomposed.
It should he pointed out that when R=alkyl, the 
self-condensation of the compound (XXXVIII) could not be 
induced, but when R=aryl the aromatic mono- substituted 
imines undergo self-condensation in boiling tetralin.
4. Hydrolysis of self-condensation compounds
3- [3-Phenyliminoisoindolin-1-ylideneamino ] -1- 
phenylimino (1H)-isoindole (XXXIXa) was added to concen­
trated hydrochloric acid and warmed for a few seconds on 
a water bath.. During this time the red colour of the 
compound (XXXIXa) changed to yellow. Water was added, 
and the mixture was filtered off to give 1-oxo-3-phenyl- 
iminoisoindoline, m.p. and mixed m.p.169-171° (70% of 2 
molecular proportions).Its identity was checked by compa­
rison of its infrared spectrum with an authentic sample. 
The authentic sample was prepared in two ways.
(a) From the hydrolysis of 1-imino-3-phenyliminoiso­
indoline by warm concentrated hydrochloric acid for a 
few seconds to give 1-oxo-3-phenyliminoisoindoline.^
(b) 1-Oxo-3-phenyliminoisoindoline was obtained by 
refluxing aniline and 3-imino-1-oxoisoindoline in butanol. 
Ammonia was evolved during the reaction and refluxing
was continued until no further ammonia was evolved. The
solvent was removed under reduced pressure and the pale 
yellow solid was recrystallised from ethanol to give pale
- 74 -
yellow needles, m.p.170-171?
Phthalimide was obtained when the "self-condensation 
compounds” (XXXIXb-d) were treated with concentrated 
hydrochloric acid, 3- [ 3-j>-Tolyliminoisoindolin -1- 
ylideneamino ] -1-p-tolylimino-(1H)-isoindolje (XXXIXb) 
was warmed for a few seconds in concentrated hydrochloric 
acid and phthalimide was formed as a white solid, m.p, 
230-231° 9 mixed m.p.229-231° . When the hydrolysis was 
carried out for one minute at room temperature phthalimide 
was again obtained. 3H Hydrochloric acid was added to 
the compound (XXXIXb), the mixture was warmed for twenty 
seconds on a water bath, the colour of the starting 
material changed to yellow, and water was added. The 
yellow product thus obtained was a mixture. Thin layer 
chromatography ( alumina ) shows that 1-oxo-3-p-tolyl- 
iminoisoindoline and phthalimide were obtained during 
the hydrolysis. When 3- [ 3-p-anisyliminoisoindolin-1- 
ylideneamino] -1 -£-anisylimino-(1H)-isoindole (XXXIXc) 
was treated with concentrated hydrochloric acid at room 
temperature for one minute, phthalimide was obtained.
With 3JJ hydrochloric acid,a mixture of 3-j>-anisylimino- 
1-oxoisoindoline and phthalimide were obtained as shown 
by t.1.c.
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Hydrolysis of 3- [ 3-j>-chlorophenyliminoisoindolin- 
1-ylideneamino ] -1-p-chlorophenylimino-(1H)-isoindoline 
(XXXIXd) by concentrated hydrochloric acid gave phtha- 
limide which was confirmed by its melting point and 
infrared spectrum.
5. Reaction of 3-imino-1-oxoisoindoline with primary 
aromatic monoamines
The preparation of 3-imino-1-oxoisoindoline (III) 
was mentioned in Chapter (I). 1,3-Diiminoisoindoline 
was boiled in a minimum quantity of water for 10 minutes 
and the solution was cooled immediately. The white solid 
(70%) had m.p.203-205° and mixed m.p.202-205?
3-Imino-1-oxoisoindoline and p-toluidine interacted 
in boiling n-butanol with vigorous evolution of ammonia 
to give 1-oxo-3-£-tolyliminoisoindoline (XLa), which 
was isolated from the reaction mixture by evaporation 
of the solvent to dryness under reduced pressure in 70% 
yield, recrystallisation was from benzene/light petroleum 
(b.p.40-60°).
Under the same conditions, the 3-2-anisylimino- 
1-oxoisoindoline (XLb), and 3-p-chlorophenylimino-l-oxoisoindoline
(Xlc) were prepared from £-anisidine and j)-chloroaniline 
in 85% and 83.4% yield respectively.
These three new compounds (XLa-c) were established 
by elemental analysis and by their spectra (infrared 
and ultraviolet) as in Chapter V • The' infrared spectra
show a single NH stretching frequency at 3200cm ,
- 1 - 13170cm and 3200cm respectively and strong bands at
-1 -1 -11740cm , 1730cm and 1735cm respectively due to the
carbonyl group.
The light absorption spectra in 96% ethanol showed 
maxima at 324nm,358nm and 332nm respectively.
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6. Metal complexes of self-condensation compounds
The metal derivatives of the original self-conden- 
sation compounds were made by adding one mole of the hot 
solution of metal salt (acetate) Ni++,Co++ and Cu++, 
to one mole of the hot solution of the self-condensation 
compounds.
Nickel(II) acetate tetrahydrate was dissolved in 
hot methanol, the solution was filtered, and the clear 
solution was added to a hot solution of 3- [ 3-phenyl- 
iminoisoindolin-1-ylideneamino ] -1-phenylimino-(IH)- 
isoindole in dimethylformamide with stirring. After the 
addition, the solution was left on a hot plate for five 
minutes and the stirring was continued. During the 
addition the red colour of the solution started to change 
and when the addition was complete the colour became 
very dark red. A solid started to separate after the 
mixture was left to cool for two hours; the dark brown 
crystals were filtered off and recrystallised from nitro­
benzene by addition of methanol'to give the nickel
complex of 3- [ 3-phenyliminoisoindolin-1-ylideneamino] - 
1-phenylimino-(1H)-isoindole (Xlla) as black crystals 
yield 40%.
N N
(a) M - Ni
(b) M r  Co
(c) M -  Cu
(XLI)
Under the same conditions, cobalt(II) acetate 
tetrahydrate and cupric(ll) acetate monohydrate were 
used to prepare the cobalt complex of 3- [ 3-phenylimi 
noisoindolin-1 -ylideneamino J -1-phenylimino-(lH)-iso- 
indole (XLIb) in 47% yield, and the copper complex 
of 3- [3-phenyliminoisoindolin-1-ylideneamino ] -1- 
phenylimino-(1H)-isoindole (XLIc) in 47% yield.
A similar procedure was also followed when the 
hot solution of nickel acetate tetrahydrate was added 
to a hot solution of 3- [3-p-tolyliminoisoindolin-1- 
ylideneamino] -1-p-tolylimino-(IH)-isoindole in dime- 
thylformamide. The solution was kept in the refrigerator 
overnight hut no solid separated. The solvent was 
removed under reduced pressure and inethanol was added to 
the residue which was filtered off. The dark red crystals 
were washed with little water and methanol to give the 
nickel complex of 3- [3-p-tolyliminoisoindolin-1-yli­
deneamino] -1-p-tolylimino-(1H)-isoindole (XLIIa) in- 
19% yield. Following the same procedure the nickel 
complex of 3- C3-p-chlorophenyliminoisoindolin-1-ylidene­
amino] -1-p-chlorophenylimino-(IH)-isoindole (XLIIb) 
was also obtained in 19% yield as a red solid m.p. 
328-330°
The structures of the above compounds (XLIa-c) 
and (XLIIa-b) were confirmed by elemental analysis and 
by spectral properties (see Chapter V). The infrared 
spectrum of the metal complex showed that the NH band 
of the ligands had disappeared.
The light absorption spectrum shows a maximum absorption
*
of the compounds (XLIa-c) at 440, 420 and 436nm respectively 
and for the compounds (Xllla-b) it shows an absorption maximum 
at 450 and 444nm respectively (Figure 4).
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Fig. 4 Light absorption spectra of metal complexe of 
self-condensation compounds
7. Attempted preparation of 1-imino-3-21-pyridyl- 
imino i so indoline
Attempts were made to prepare 1-imino-3-2 *pyridyl- 
iminoisoindoline to study the self-condensation and 
the metal derivatives.
Several attempts were made to prepare 1-imino-3-2!-
pyridyliminoisoindoline by interacting 2-aminopyridine
and phthalonitrile. A solution of 2-aminopyridine (one
mole) in dry 1,2-dimethoxyethane was added dropwise to
a suspension of sodium hydride in dry 1,2-dimethoxyethane
with shaking. Hydrogen was evolved during the addition.
When all the sodium hydride had reacted, one mole of
phthalonitrile was added to the sodium salt of the
2-aminopyridine; the salt dissolved and a new solid
started to form. The mixture was heated under reflux
for three hours. The cooled mixture was added to a
saturated solution of ammonium chloride with stirring,
ammonia was evolved and the solid which was obtained
on adding more water was identified as phthalimide,
m.p.232-234° and mixed m.p.233-235°. When the reaction
was carried out under a dry nitrogen atmosphere 1,3-
4di-2’-pyridyliminoisoindoline was obtained, m.p. and 
mixed m.p. 180-1 82?
Equimolar amounts of phthalonitrile and 2-amino- 
pyridine were heated together in boiling methanol con­
taining sodium methoxide as catalyst for four hours.
The hot yellowish solution was filtered from phthalo- 
cyanine which formed during the reaction,land the cooled 
solvent was evaporated to small bulk under reduced 
pressure to give 1,3-di-2!-pyridyliminoisoindoline, 
m.p.182° and mixed m.p.180-182°
1
8. H nmr spectra.
(i) The two-unit compounds.
The H nmr spectrum of 1-imino-3-£-tolyliminoiso-
indoline (XXXVIIIa) in dmso-dg is shown in Figure 5.
The assignments have been made by comparison with similar
s p e c t r a . ^ T h i s  shows a singlet a t '2.29 S for
three protons (H ), a quartet between 7.04-7.29 6 fora
four protons (H^), a multiplet between 7.50-7.60 6 for 
two protons (Hc), a multiplet between 7.77-7.93 6 for 
two protons (H^), and a broad signal between 8.32-8.436 
for two NH groups. The signal for the NH groups disap­
peared when the sample was shaken with D^O.
The H nmr spectrum of 3-j>-anisylimino-1 -iminoisoin- 
doline (XXXVIIIb) in dmso-dg is given in Figure 6. The
assignment have been made by comparison with similar 
47spectra. This shows a singlet at 3.77 6 arising from
three protons (H ), a multiplet between 6.86-7.00S for two
protons (H^), a multiplet between 7.47-7.66 5 for four
protons (H ), a multiplet between 7.82-7.98$ for two protons c
(H^), and two singlet signals at 8.45 6 and 8.63 6 
assigned to the two NH groups. When the sample was shaken 
with D^O the signals of the two NH groups disappeared.
1
The H nmr spectrum of 3-j>-chlorophenyliminoisoin-
doline (XXXVIIIc) in dmso-d^ is given in Figure 7. The
assignments have been made by comparison with similar
spectra,4®>49 rp^ is shows a singlet at 7.32 6 for four
protons (H ), a multiplet between 7.53-7.67~6 for two a
protons (H^), a multiplet between 7.78-7.95 6 for two
protons (Hc), and two singlet signals at 8.56 6 and
8.75 6 for the two NH groups.
1
The H nmr spectrum of 3-benzylimino-1-iminoiso-
indoline (XXXVIIId) in dmso-d^ Figure 8, shows a singlet
at 4.95 6 for two protons (H ), a multiplet betwena
7.24-7.39 6 for five protons (H^), a multiplet between 
7.47-7.57 6 for two protons (H ), a multiplet between
V
7.70-7.93 6 for two protons (H^), and shows a broad 
signal at 8.41 6 assigned to the NH.
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(ii) The self-condensation compounds
The H nmr spectrum of 3- [3-phenyliminoisoindolin- 
1-ylideneamino ] -1-phenylimino-(1H)-isoindole (XXXIXa) 
in CDCl^ is shown in Figure 9. This shows' a singlet at 
7.116 for ten protons (H ), a multiplet between 7.51-
cl
7.61 8 for four protons (H^), a multiplet between 7.91-
8.06 6 for four protons (H ), and shows a very broadc
signal at 11.12 6 for one proton of the NH group. By 
shaking the solution with B^O the signal due to the NH 
group disappeared.
-j
The H nmr spectrum of 3- [3-j3-tolyliminoisoindolin-
1-ylideneamino] -1-p-tolylimino-(IH)-isoindole (XXXIXb),
in dmso-dg , Figure 10, shows a singlet signal at 2.28 b
for six protons (H ), a quartet between 7.04-7.28 6a
for eight protons (H^), a multiplet between 7.51-7.60 6
arising from four protons (H ), and a multiplet between
c
7.76-7.86 5 for four protons (H^). But when CDCl^was
used as a solvent, as in Figure 11, it shows three lines
at 2.31 6 ,2.37 8 and 2.42 8 arising from the six protons
(Ha) 9 a quartet between 6.88-7.18 6 for eight protons (H-^ ),
a quartet between 7.57-7.66 8 for four protons (H )0
and a quartet between 7.98-8.07 6 for four protons (H^).
The H nmr spectrum of 3- [3-p-anisyliminoisoindolin-
1-ylideneamino ] -1 -jd-anisyl imino-(1H)-isoindole (XXXIXc),
Figure 12, in CDCl^, it shows three lines at 3.75 8,
3.83 8 and 3.87 8 for six protons (H ), a doublet ata
6.60 8 and 6.70 8 for four protons (H^), a doublet at 
7.24 8 and 7.348 for four protons (H ■), a multiplet 
between 7.56-7.66 8 for four protons (*%), and a multi­
plet between 7.97-8.06 8 for the four protons (He).
But when dmso-dg was used as a solvent, the spectrum 
Figure 13, shows four lines between 3.72-3.818 due to
the six protons (H ), a doublet at 6.69 8 and 6.79 8a
for four protons (H^), a doublet at 7.29 8 and 7.33 b
for four protons (H ), a multiplet between 7.66-7.80 80
for four protons (H^), and a multiplet between 7.69- 
8.21 8 due to the four protons (He)* When the sample 
was run at 373°K, Figure 14, the spectrum shows a singlet 
at 3.72 8, instead of four lines. However, the unexpected 
feature was observation of more than one line. The com­
pound (XXXIXb) which shows three lines when CDCl^ is 
used as a solvent, and the compound (XXXIXc) which shows 
three lines in CDCl^, hut shows four lines in dmso-dg.
The explanation seems to lie in the fact that the molecule 
probably exists in a number of planar forms (see below).
The shielding of the alkyl protons is different in each
of these forms. If (syn-anti) isomerism of the phenyl
to the isoindole moiety is allowed, three geometrically
50isomeric structures may be drawn.
Syn-syn Anti-anti
1
The H nmr spectrum of 3- £3-j>-chlorophenylimino- 
isoindolin-1 -ylideneamino] -1 -js-chlorophenylimino-OH)- 
isoindole (XXXIXd) in CDCl^ (Figure 15), shows a multi­
plet between 6.98-7.25 6 arising from eight protons
(H ), a multiplet between 7 .44-7.735 for four protons a
(H^), and a multiplet between 7.95-8.06 6 due to the 
four protons (H ).
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CHAPTER IV
1. Quaternisation of 2,6-diaminopyrazine
There are three possible simple quaternary products 
from the reaction of 2,6-diaminopyrazine (XXXVIII) and 
methyl iodide. One is the diquaternary salt in which 
both pyrazine nitrogen atoms (N-1 and N-4) are quater- 
nised. The others would be derived from quaternisation 
of only one ring nitrogen atom, either N-4 or N-1 and 
the former might be preferred due to the steric hindrance 
at the 1-position by the two substituent amino groups.
When equimolar amounts of 2,6-diaminopyrazine and 
methyl iodide were boiled gently on a water-bath in 
ethanol for four hours, the'monometho iodide was obtained 
in 65.5% yield as yellow needles, m.p.228-230° When the 
reaction was carried out under the same conditions but 
using a large excess of methyl iodide the monometho iodide 
was formed in 87% yield, m.p.230° and mixed m.p.228-230°. 
The quaternary salt was also obtained in 87% yield by 
heating together 2,6-diaminopyrazine and an excess of 
methyl iodide in a sealed tube for ten minutes at 100°C; 
the product had m.p. and mixed m^p.228-230°. No evidence 
was obtained that more than one molecule of methyl iodide 
was added.
The composition was established by elemental analysis, 
and the various spectra of the compound were measured.
The infrared spectral data reported in Chapter V, show
four N-H stretching hands at 3340cm”1,3260cm”1, 3210cm”1
- 1shoulder and 3170cm for the two amino groups, two weak
-1 -1
hands at 3070cm and 3000cm for C-H stretching fre-
-1 -1quencies, and two strong hands at 1660cm , -1630cm due
to the C=N functions.
The light absorption spectrum (Chapter V) shows a 
maximum at 364nm, at a longer wavelength than 2,6-diamino- 
pyrazine (XXXVIII) which shows maximum absorption at 337nm 
due to the auxochrome (which when attached directly to a 
chromophore alters both the wavelength and the intensity 
of the absorption).
An attempt was made to quaternise 2,6-diaminopyridine 
by refluxing gently on a water-bath equimolar amounts of 
2,6-diaminopyridine and methyl iodide in ethanol for four 
hours. The solution was evaporated to dryness under 
reduced pressure and the solid was recrystallised from 
benzene to give the starting material 2,6-diaminopyridine, 
m.p. and mixed m.p.120-122?
But when the reaction was carried out under vigorous 
conditions by heating equimolar amounts of 2,6-diamino- 
pyridine and methyl iodide in a sealed tube for twenty 
four hours at 100°C, a quaternary salt was obtained. 
Acetone was added to the semi-solid product until all the 
oil had dissolved. The white solids was filtered off and 
had m.p.190-192° dec. (yield 8.7%).
- 104 -
An attempt to determine the position of the quater­
nary methyl group was made by comparing the n.m.r. spectrum
of the product with that of the starting material and of
51the analogous pyridine compounds. The several spfctra 
were for solutions in dmso-d^ and are shown in Figures 
1,16,17 and 18. The results are shown in the following 
scheme:- *
7.04 7.04
5.73 H 2r  'Tl'TlH 5.73
4.02
CH,
7.02 7.02
7.26 7.26 
(a)
or
7.02 s? >i 7.02
7.26 H N' NH2 7.26
(*)
7.02(t)
5.61(d)
rN.5.3 H2N NH2 5.3
6.17(d) 
7.56 ,H J
7 .-56(t)
'N^ + 
OH,
3.55
6.17(d) 
HH„ 7.56
Unfortunately, no decision is afforded between the 
two possible pyrazinium structures. It may be, however, 
that the structure (a) is the more likely, in view of 
the ease with which 2,6-diaminopyrazine reacts with methyl 
iodide compared with 2,6-diaminopyridine.
or
NHNH
CH,
I
Pig. 16 2,6-Diaminopyrazine monomethoiodide in dmso-dg
- lUf -
b
b
h 2n'
-• a 
:N^ "'NH,
8 4 S
Fig. 17 2,6-Diaminopyridine in dmso-dg
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2. Preparation of the pyrazine macro cycle
Cross-conjugated macrocycles are formed by the conden­
sation of 1,3-diiminoisoindoline with aromatic m-diamines 
such compounds can be prepared in one step or by building
up the molecule in a series of steps, light absorption
5 52 55 54- 55studies showed that phthalocyanine * forme^
during the reaction. It is not always easy to purify the 
macrocyclic product.
Equimolar amounts of 2,6-diaminopyrazine and 1,3-di- 
iminoisoindoline were heated in boiling dry n-butanol for 
eighteen hours; after the first hours, a solid started to 
separate and the solution colour changed from yellow to 
deep red. The reaction mixture was left to cool at room 
temperature and the product filtered off. The dark brown 
solid was purified by several recrystallisations from 
nitrobenzene to give the pyrazine macrocycle (XLIII) as 
a lustrous maroon solid, m.p. above 450° (Yield 54 . 696).
The mother liquor was evaporated to dryness under reduced 
pressure, and a yellow brown solid was obtained which was 
washed with a small quantity of ether and then purified 
by sublimation at 210°C under reduced pressure (2x10”^torr). 
A trace of yellow solid was obtained, for which mass 
spectrometry showed M+ , m/_e 239, corresponding to the 
product from the reaction of one molecule of 2,6-diamino-
pyrazine with one molecule of 3-imino-1-oxoisoindoline 
to give the two-unit compound (X1IX), and a high molecular 
weight compound m/e 433.
:N
NH HN
(XLIII)
The constitution of the pyrazine macrocycle was 
established by elemental analysis and from its spectra 
(mass, infrared and ultraviolet). The mass spectrum 
supported the formation of the macro cyclic product 
(XLIII) and showed M+ , m/e '442.
The infrared spectral data reported in Chapter V
-1
shows an N-H stretching hand at 3440cm
Light absorption spectrum (Chapter V) shows a 
maximum at 364nm and 395nm.
3. Reaction of 1,3-diiminoisoindoline with 
2,6-diaminopyrazine
(i) Previously the three-unit compound, 2,6-bis- 
(1-iminoisoindolin-3-ylideneamino)pyridine (XXIX)^’^ ,  
had been prepared from the condensation of 2,6-diamino- 
pyridine with two molecular proportions of 1-imino-3- 
methylthioisoindolenine at room temperature in chloroform 
or by refluxing with two molecular proportions of
1,3-diiminoisoindoline in methanol respectively. When
2.6-diaminopyrazine were refluxed in dry n-butanol under 
dry nitrogen for thirty four hours, ammonia was evolved 
and a solid separated. This brown solid was filtered off 
but several attempts to purify the product unfortunately 
failed. Under similar conditions, the two reactants were 
refluxed in dry methanol instead of dry n-butanol for 
sixty hours until no more ammonia was evolved. This gave
2.6-bis-(1-iminoisoindolin-3-ylideneamino)pyrazine hemi- 
hydrate (XLIV) as lustrous golden yellow needles in 43% 
yield.
(XLIV)
The structure of,"fchis compound was established by mass spectrometry 
and by its infrared,and light absorption spectra and by 
elemental analysis. The mass spectrum showed a parent 
molecular ion M+ , m/e 366. The infrared spectrum of the 
product showed three stretching frequency bands at 3410 
3300 and 3220cm  ^ due to N-H, and three bands at 1690
_ -j
(very weak), 1665 and 1610cm due to the C=N function. 
The light absorption spectrum in 96% ethanol showed a 
maximum at 341nm and 426 nm.
(ii) The preparation in good yield of 1,3-disubsti­
tuted imino derivatives conveniently called "three-unit" 
materials, “by condensation with aromatic monoamines, led 
to the successful preparation of two "three-unit1 compounds 
from related diamines. It appeared that these products 
might well be convertible into macrocyclic structures;
however, this was not in fact achieved.
19Elvidge and Linstead suggested that the pyridine 
macrocycle could be formed in more than one way; firstly, 
through formation of a two-unit compound followed by 
self-condensation to give the macrocycle, and secondly 
that the 1,3-di-(6-amino-2-pyridylimino)isoindoline (XIV) 
will form as an intermediate which would then condense 
with another molecule of 1,3-diiminoisoindoline to give 
the pyridine macrocycle (XX).
(XIV)
When two molecular proportions of 2,6-diaminopyridine 
and one molecular proportion of 1,3-diiminoisoindoline 
were heated together under reflux in dry n-butanol for 
thirty hours under nitrogen, ammonia was evolved and a 
solid started to separate after two hours. Finally, the 
orange solid was recrystallised from.butanol to give a 
yellow product. This solid was shown by mass spectrometry 
to contain the expected three-unit material (XLV), 
m/jB 329, together with pyridine macrocycle (XX), m/e 440, 
and a high molecular weight compound, m/e 549. This 
corresponds to the five-unit condensation product:-
NH 2
NH
2
' ' J
Attempts were made to separate the product mixture 
"by usual techniques of crystallisation from different 
solvents, such as ethanol, butanol, nitrobenzene and 
benzyl alcohol amongst others , and by sublimation, but 
without success. When the reaction was carried out under 
similar conditions by using dry ethanol as a solvent, 
again the product which was obtained after thirty hours was 
a mixture as mentioned above. Another approach to the 
preparation of 1,3-di-(6-amino-2-pyridylimino)isoindoline 
(XLV) was to effect elimination of ammonia from the 
adduct (XLVI) by heating this in a solvent.
(XLVI)
1 8The adduct was prepared by filtering a hot solution 
of 1,3-diiminoisoindoline (one molecular proportion) in 
dry ethanol into ethanolic 2,6-diaminopyridine (two 
molecular proportions) and then keeping the- solution in 
the refrigerator for twenty four hours. The solution was 
concentrated to small hulk under reduced pressure at 
room temperature, and the yellow solid was filtered off 
and washed with a small amount of ethanol to give the
2 ,6-diaminopyridine«-di-(l,3-diiminoi-soindoline) adduct 
(XVIII),m.p. and mixed m.p.160-163°(dec.). 2,6-Diamino- 
pyridine m.p. and mixed m.p.120-122° was recovered by 
evaporating the mother liquor under reduced pressure 
to dryness and crystallising the solid from benzene.
When a 2:1 proportion of 2,6-diaminopyrazine and
1,3-diiminoisoindoline were refluxed for seventy two 
hours in dry ethanol under a nitrogen atmosphere, ammonia 
was evolved during the reaction to give a brown solid 
product. Mass spectrometry showed m/e 331, which 
corresponds to the three-unit compound (X1VII) together 
with a high molecular weight compound. In attempts to 
separate the product mixture, the usual techniques of 
crystallisation from ethyl alcohol, butanol and sublima­
tion were employed but without success.
(XLVII)
Under the former conditions ”two moles” of diamine 
and ”one mole” of imidine were heated together in boiling 
dry n-butanol for thirty hours. After cooling, the reddish 
brown solid was crystallised from butanol (charcoal) to 
give 1,3-di-(6-amino-2-pyrazylimino)isoindoline (XLVII) 
as fine orange needles, m.p.248-250°, in 45.3% yield.
The structure of the compound was supported by 
elemental analysis and by its spectra (mass,infrared 
and ultraviolet) as in Chapter V. The mass spectrum 
supported the formation of 1,3-di-(6-amino-2-pyrazyl- 
imino)isoindoline and showed that the molecular weight 
was 331• The infrared spectrum shows three strong bands
-1
at 3380,3300 and 3170cm due to N-H stretching and a 
complex hand at 1635cm for the C=N function. The light 
absorption spectrum shows maxima at 372nm and 430*nm.
4. Condensation of 2-amino-6-chlorop.yrazine with
1,3-diiminoisoindoline
g
Clark and co-workers reported that a three-unit
product was obtained from the condensation of equimole-
cular amounts of aminopyrazine and 1,3-diiminoisoindoline
under mild conditions.
An attempt was made to prepare 3-(6-chloro-2-pyrazyl-
imino)-1-iminoisoindoline by heating 2-amino-6-chloro-
pyrazine "one mole” and 1,3-diiminoisoindoline under
reflux in dry n-butanol for twenty hours under nitrogen.
Ammonia was evolved during the reaction to give 1,3-di-
(6-chloro-2-pyrazylimino)isoindoline (XLVIII) as orange
yellow needles, m.p.282-284°, yield 33%. A better yield
of 53% resulted from doubling the proportion of 2-amino-
6-chloropyrazine.
Elemental analysis supported the formation of the
three-unit compound (XLVIII) and the infrared spectrum
-1shows a sharp band at 3340cm due to the N-H stretching
-1 -1frequency and three bands at 1645cm , 1635cm (weak) and
-11620cm due to the C=N function. The light absorption
spectrum shows a maximum at 424 nm.
.N'
(XLVIII)
In other experiments employing equimolar amounts 
of the reactants in boiling ethanol for fifty hours, 
ammonia was evolved during the reaction,, but the product 
which was isolated was identified as phthalimide, 
m.p.231-232° and mixed m.p.230-234°. The starting material 
was recovered (2-amino-6-chloropyrazine), and no evidence 
was obtained that the two-unit compound was.formed.
5. Reaction of 2,6-diaminopyrazine with 3-imino-1-oxo- 
isoindoline
The condensation of 2,6-diaminopyrazine "one mole" 
and 3-imino-1-oxoisoindoline "two moles" in boiling 
dry ethanol under a nitrogen atmosphere for thirty hours 
gave 3-(2-amino-6-pyrazylimino)-1-oxoisoindoline (XLIX) 
as a yellow solid, m.p.273-275°, yield 16.3%. 3-Imino- 
1-oxoisoindoline (III) was recovered by evaporation of 
the mother liquors, m.p. and mixed m.p.200-202? The 
reaction was then carried out in dry n-butanol for twenty 
four hours. Ammonia was evolved during the reaction, and 
the solution was then concentrated to a small bulk to 
give a yellow product. This solid was shown by mass 
spectrometry to contain a two-unit material (XLIX) 
m/e, 239 which corresponded to the product from the reac­
tion of equimolar amounts of 2,6-diaminopyrazine and 
3-imino-1-oxoisoindoline, together with a three-unit 
compound (L), m/^ e 368 which corresponded to the product 
from the reaction of two molecules of 3-imino-1-oxoiso­
indoline with one molecule of 2,6-diaminopyrazine.
3-(2-Amino-6-pyrazy1imino)-1-oxoisoindoline (XLIX)
was obtained in good yield (4’8.8%) when equimolar amounts 
of the reactants were refluxed in dry n-butanol under 
nitrogen for twenty four hours, m.p. and mixed m.p.273-275
(XLIX)
The mass spectrum of the compound (XLIX) showed a 
molecular ion m/^ e 239 as expected. Elemental analysis 
and the light absorption spectrum supported the struc­
ture. The infrared spectrum (Chapter V) shows four bands 
3380,3310,3270 and 3190cm""* and a strong band at 1740cm""* 
due to the carbonyl group. The light absorption spectrum 
of this compound shows a maximum absorption at 382nm.
An attempt was made to prepare 2,6-di-(l-oxo-3-iso- 
indolinylideneamino)pyrazine (L) by heating 3-imino-1- 
oxoisoindoline and 3-(2-amino-6-pyrazylimino)1-oxoiso-
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indoline under reflux in dry n-butanol for twenty four 
hours until no further ammonia was evolved, this gave 
a yellow solid. Mass spectrometry showed that the yellow 
solid is a mixture of the starting material_(X1IX), 
m/e 239, and the three-unit product (L), m/e 368.
A further attempt was made by using a different 
solvent. However, when dry ethoxyethanol was used under 
the former conditions, the mixture was again obtained.
2,6-Di-(1-oxo-3-isoindolinylideneamino)pyrazine (L) 
was obtained in 11.1% yield as a yellow solid, m.p.292- 
293°, when the reaction was carried out in boiling dry 
nitrobenzene for six hours.
(L)
The structure was established by elemental analysis 
and by mass, infrared and ultraviolet spectra. The mass 
spectrum shows that the molecular weight is m/e 368.
The infrared spectrum shows two bands at 3300 and 3260cm 
for N-H stretching frequency, and strong band at 1730cm” 
due to a carbonyl group. The light absorption spectrum 
in dimethylformamide showed a maximum at 364nm.
6. Nickel complex
(i) The three-unit compound (XXIX) reacted with
25metal acetate to form the complex in good yield. A 
similar procedure was followed to prepare the nickel 
complex of 2,6-bis-(1-iminoisoindolin-3-ylideneamino)- 
pyrazine hemi-hydrate (LI). 2,6-Bis-(1-iminoisoindolin- 
3-ylideneamino)pyrazine hemi-hydrate (XLIV) was boiled 
in ethanol and filtered into a hot solution of nickel 
acetate in ethanol with stirring. The colour of the 
solution changed to red and a solid started to separate 
to give the nickel complex (LI) as dark red crystals 
from nitrobenzene in 94% yield.
The structure of the complex was established by 
elemental analysis and its spectra (infrared and ultra­
violet). The infrared spectrum (Chapter V) shows broad 
-1
band at 3200cm due to the. N-H stretching. frequency. 
Light absorption spectrum in dimethylformamide showed 
maxima at 500nm,528nm and 574nm.
- 1 ^ 4  -
N — Hi —  N
NHNH
(LI)
(ii) An attempt was made to prepare the nickel 
pyrazine macrocycle complex. Nickel acetate tetrahydrate 
1 one mole” was heated in benzyl alcohol, methanol was 
added until all the metal salt was dissolved, the solu­
tion was boiled for a few minutes and added to a boiling 
solution of pyrazine macrocycle "one mole” in nitro­
benzene with stirring. Solid started to precipitate 
during the addition. A fine dark brown solid was filtered 
off and washed with hot nitrobenzene and hot methanol.
The solid was dried under reduced pressure and had
o ++
m.p. above 450 . The mass spectrum shows M m/e 449
which corresponds to the nickel pyrazine macrocycle 
complex (LII),together with a high molecular weight 
compound. Attempts to purify the product by recrystalli­
sation or by sublimation were without success. Elemental 
analysis of the compound (LII) indicated that the nitro­
gen percentage in the compound is 20.4 which is lower 
than predicted (Chapter V, page 180 '). It is thought 
that the compound is not pure. The infrared spectrum 
shows that the N-H bands had disappeared.
Several further attempts were made to prepare the 
nickel pyrazine macrocycle complex by using different 
solvents such as diphenylether, NN-dimethyl aniline and 
anisole but these failed because the macrocylic compound 
is not soluble in these solvents.
(LII)
7. Triisoindole-pyrazine macro cycle.
Macro cycles containing three-quarters of the phtha- 
locyanine ring (XXIV) have been synthesised by the reaction 
of the three-unit compound (XXII) with 1,3-diiminoisoindo- 
line.18’56’57
An attempt was made to prepare the triisoindole-pyra- 
zine macro cycle by heating equimolar quantities of 2,6-bis- 
(1-iminoisoindolin-3-ylideneamino)pyrazine hemi-hydrate 
(XLIV) with 1,3-diiminoisoindoline in dry n-butanol for 
twenty hours under a nitrogen atmosphere. No reaction 
occurred and the starting material (XLIV) was recovered, 
m.p.276-278° and mixed m.p.274-278°. Pyrazine three-unit 
compound (XLIV) is less reactive than benzene three-unit 
compound (XXII).
25Bamfield and Mack reported that the metal complex of
triisoindole-pyridine macrocycle was obtained from the reac­
tion of the metal complex of the three-unit compound (XXIX) 
with 1,3-diiminoisoindoline. The products were always conta­
minated with some phthalocyanine but the addition of a small 
amount of hydroquinone reduced the phthalocyanine to negli­
gible proportions. The nickel complex of 2,6-bis-(1-imino- 
isoindolin-3-ylideneamino)pyrazine hemi-hydrate (LI),
1,3-diiminoisoindoline and benzoquinone were brought to boiling
as quickly as possible in dimethylformamide and boiling 
was continued for five minutes with stirring. The reac­
tion mixture was filtered hot to give a dark brown solid, 
which was washed with dimethylformamide and then with 
ethanol. Mass spectrometry showed a major ion at mass 
537 which indicates one proton more than for the expected 
molecular ion, but this can occur. There was also a 
higher mass peak at 559.
8* H nmr spectra
-I
The H nmr spectrum of 2,6-bis-(1-iminoisoindolin- 
3-ylideneamino)pyrazine hemi-hydrate (XLIV) in dmso-d^ 
is shown in Figure 19. This shows a multiple! between 
7.64-7.78(3 for four protons (H ), a multiplet betweenSt
7.89-8.13 6 for four protons ( H ^  ), a singlet at 
8.30 b for two protons (Hc), a singlet at 9.58 S due 
to two (=NH) groups, and two singlets at 11.67 8 and 
14.04 8 assigned to the two NH groups.
The H nmr spectrum of 1,3-di-(6-amino-2-pyrazyl- 
imino)isoindoline (XLVII) in dmso-dg is given in Figure 20. 
This shows a singlet at 6.50 8 for four protons (two NH^ 
groups), a singlet at 7.80 b for one proton (Hc),
a singlet at 7.84 8 for one proton.(Hd), a complex signal
between 7.70-8.06 8 for aromatic protons, a singlet
at 12.89 8 assigned to the NH.
The H nmr spectrum of 1,3-di-(6-chloro-2-pyrazyl-
imino)isoindoline (XLVIII), Figure 21, in CDCl^ shows
a quartet between 7.67-7.76 8 for two protons (H ),a
a quartet between 8.03-8.13 6 for two protons (H^),
a singlet at 8.39 8 for one proton (H ), a singlet atc
8.648 for one proton (H^) , and shows a singlet at
12.12 8 assigned to the NH.
The H nmr spectrum of 3-(2-amino-6-pyrazylimino)-
1-oxoisoindoline (XLIX), Figure 22, in dmso-dr which
o
shows a singlet at 6.75 6 assigned to the NH^, a multi- 
plet between 7.74-8.05 b for six protons, a singlet 
signal at 11.48 8 assigned to the NH.
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CHAPTER V
Notes on the experimental procedures.
(i) All condensation reactions carried out between 
amines and 1,3-diiminoisoindoline were protected 
from water vapour by soda-lime drying tubes.
(ii) Where nitrogen was used, it was dried "by passing it 
through BASF catalyst R^-11, and calcium chloride.
(iii) All alcoholic solvents were dried by boiling with 
magnesium and iodine for one hour and then distilled.
(iv) Microanalyses were carried out by
Microanalytical Laboratory,
Department of Chemistry,
University of Surrey.
(v) Infrared absorption spectra were recorded on 
Perkin-Elmer 175G- or 577 spectrophotometer. Letters 
included after frequency values have the following 
significance: s=strong ; w=weak ; vw=very weak 
Ultraviolet absorption spectra were measured with
a Unicam SP8000 spectrophotometer. Points of inflec­
tion are indicated by an (*) following the wave­
length at which they appear.
1
H nmr were recorded on a Bruker WH-90 Pulse 
Transform Magnetic Resonance Spectrometer operating 
at 90.02 MHz for protons.
(vi) All melting points are uncorrected.
Chapter V is divided into three sections. Part 1 
deals with the experimental procedures for Chapter II, 
Part 2 deals with the experimental procedures for 
Chapter III,whilst Part 3 contains the experimental 
procedures for Chapter IV.
EXPERIMENTAL 
Part 1
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27Diethyl isonitrosomalonate.
Diethylmalonate (25g,23.7ml,0.312mol ) was cooled in 
an ice hath, and a mixture of glacial acetic acid (28.5ml) 
and water (40.5ml) was added with stirring. With the tempe­
rature at about 5°C, sodium nitrite (32.5g,0.944mol) was 
added in portions over a period of 1.5h., the temperature 
bing maintained around 5°C during the addition. After all 
the sodium nitrite had been added, the ice bath was removed, 
and the stirring was continued for 4h.
The reaction mixture was extracted with ether. The combined 
etheral solution of diethyl isonitrosomalonate was used 
immediately in the next step.
27Diethyl aminomalonate.
An etheral solution of diethyl isonitrosomalonate 
(ca.75ml) prepared from diethylmalonate (25g) was washed 
with portions of 1% sodium bicarbonate solution (40ml) 
until the final washing had a distinct yellow colour.
The etheral solution at 0°C was dried over anhydrous sodium 
sulphate (20g) overnight.
The solvent was removed under reduced pressure at a 
temperature below 30°C. The weight of the residue was 28.5g, 
yield 96.6%. Some of the residue (19.1g) was placed in a
stainless-steel autoclave. To this was added absolute alcohol 
(100ml) and (3g) of 10% palladium on charcoal catalyst. The 
system was flushed three or four times with hydrogen. With 
the initial reading on the pressure gauge at 50-60lb., the 
solution was stirred until no further drop in .pressure was 
observed (about 15 minutes).
The catalyst was removed by filtration and washed with 
ethanol, and the clear filtrate was concentrated under 
reduced pressure at a temperature below 50°C, yield 90.5%.
Amino malo nami d e.
29Following the procedure of Cerchez, diethylamino-
malonate (16g) was dissolved in a saturated aqueous solution 
of ammonia at 0°C with a slight rise in temperature. After 
about 30 minutes, the aminomalonamide began to precipitate. 
After a few hours, the white deposit was filtered off to 
give aminomalonamide (57%), from aqueous ethanol (m.p.188°).
2-Hydro xy-3-carboxamido pyrazine»
2 8Following the procedure of Jones, 40% aqueous glyoxal 
solution (25ml,0.166mol) diluted with water (25ml) was 
added to finely powdered aminomalonamide (11.7g,0.1mol).
The mixture was cooled in an ice-bath and 12.5N-sodium 
hydroxide solution (10ml,0.125mol) was added dropwise with
stirring while the temperature was maintained below 10°C.
The solution was allowed to stand at room temperature, and 
after a few minutes it had set to a semi-solid mass (the 
sodium salt of 2-hydroxy-3-carboxamidopyrazine). After 
several hours, glacial acetic acid was added vath stirring.
The precipitate of 2-hydroxy-3-carboxamidopyrazine was 
collected on a filter and washed with -water and then with 
acetone. Yield 90%, (m.p.265°dec.).
2-Aminopyrazine-3-carboxamide.
34-Following the procedure of Vogl and Taylor, to a
solution of aminomalonamidine dihydrochloride (30g) in 
water (300ml) at 0°C was added glyoxal bisulphite (45g), 
followed by concentrated ammonium hydroxide (40ml) added 
dropwise over a period of 15 minutes. When neutrality was 
reached, a light cream-coloured solid started to separate.
The reaction mixture was then stirred overnight at room 
temperature and the suspended solid was collected by filtra­
tion and washed with water. Yield 70%, (m.p.234-236°).
Principal infrared absorption (Nujol): V 3415s ,3390w,max
3 2 7 0 ,3 1 9 0 ,1690s ,1615 ,1595w,1 5 5 5 ,120 0 ,9 0 0 ,8 4 5 ,810cm t
2- Aminopy raz in e-3-c arbo xy1i c acid.
34-The compound was prepared by Vogl and Taylor’s method.
A suspension of 2-aminopyrazine-3-carboxamide (2g) in 
3N-sodium hydroxide (13ml) was heated under reflux for 1.5h. 
Dissolution occurred after 10minutes, and ammonia evolution 
had essentially ceased after one hour. The hot solution was 
acidified with concentrated hydrochloric acid to pH 3, 
whereupon_ the free amino acid started to separate. The 
mixture was chilled and the solid filtered off (60%) and 
recrystallised from water to give pale yellow needles, 
yield 60%,(m.p.196-198°). Principal infrared absorption 
(Nujol)s V o 3460s,3320s,1715s,1600s,1560,1.530w,1190,1130vw,in 3.x
1095w, 905,845s, 805,775,71 Os, 670cm~1.
2-Hydrox.ypyrazine-3-carboxylic acid.
(i) The compound was prepared by the procedure for
2-hydroxy-6-methylpyrazine-3-carboxylic acid, described
30by Muehlmann and Day.
2-Hydroxypyrazine-3-carboxamide (5g) was added to 
5N-sodium hydroxide (20ml) and heated on the steam bath 
for 20h. The solution was neutralized with concentrated 
hydrochloric acid and cooled overnight. The product was 
removed, washed with a little cold water and dried.
Yield 80?6, (m.p.215-216°).
(ii) Following the procedure of Erickson and
•z c
Spoerri, 2-aminopyrazine-3-carboxylic acid (2g) was 
added gradually with cooling and stirring to concentrated 
sulphuric acid (8.6ml). A solution of nitrosylsulphuric 
acid was prepared by cooling concentrated sulphuric acid 
(10.7ml) to 0°C and adding sodium nitrite (ig) in small 
portions over a period of 15 minutes with agitation at 
-2°C. The cold solution of nitrosylsulphuric acid was 
added at 0°C over a period of 15 minutes with agitation 
to the cold solution of amino-carboxy-pyrazine. After the 
addition, the mixture was stirred for 15 minutes. The cold 
diazonium solution was added dropwise with stirring to 
crushed ice (89.3g) and the mixture stirred until there 
was no further evolution of nitrogen. The suspension was 
filtered off, to give 2-hydroxypyrazine-3-carboxylic acid. 
Yield 60% ,(m.p. and mixed m.p.214-216°).
2-Hydroxypyrazine.
This compound has been prepared by Weijlard,Tishler 
31and Erickson, 2-hydroxypyrazine-3-carboxylic acid (5g) 
was mixed with carbitol acetate (15ml) and boiled under 
reflux for 10 minutes. After the solution had cooled,
petroleum ether (50ml) was added and the crystals were
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collected. The crude material was extracted in a Soxhlet 
extractor with benzene for five hours, yielding yellow 
needles, yield 85%, (m.p.186-188°).
2-Ohloropyrazine .
•2 C
Following the procedure of Cheeseman, 2-hydroxy- 
pyrazine (5g) and freshly distilled phosphoryl chloride 
(15ml) were heated at 105°C for one hour. The cooled mixture 
was slowly poured into stirred ice-water, insoluble material 
was removed, and the filtrate extracted with ether. The 
combined etheral extracts were washed with sodium hydrogen 
carbonate solution, dried over anhydrous sodium sulphate 
and evaporated at atmospheric pressure. Distillation at 
20mm gave 2-chloropyrazine (XXXIV), yield 70%,(b.p.52°).
2, ^ -Dichloropyrazine. .,
37Following the procedure of Collins, dimethylformamide 
(2,4g,1.07mol) was added to 2-chloropyrazine (3.5g,1mol), 
then 4% of the total weight of water was added. The mixture 
was heated to 70-75°C and chlorine was passed for 30 minutes. 
When the mildly exothermic reaction ceased and the reaction 
mixture temperature decreased to about 60°C, the reaction 
was considered complete. The mixture was allowed to cool to
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40°C, and the crude product was poured into ice (3.5g) 
and water (2.3g) with stirring. The precipitate was filtered 
and washed with water to give 2,6-dichloropyrazine (XXXV). 
The compound was purified by sublimation. Yield (80%), 
as colourless crystals, (m.p.53-55°).
2,6-Difluoropyrazine.
An attempt was made to prepare 2,6-difluoropyrazine
42by the method of Cheeseman and Godwin.
An excess of dried potassium fluoride (17.95g) was 
added to 2,6-dich.loro pyrazine (4.8g) in N-methyl-2- 
pyrrolidone (47ml), and the mixture was kept at 97°C for 
25h. with shaking. Distillation under reduced pressure 
(0.4mm) afforded a first fraction, b.p.30-40°, and a 
second fraction at b.p.40-50°. Entrapped at -80° was 
a liquid which was added to the first fraction* redistill­
ation under reduced pressure (0.2mm) gave a mixture of
2-chloro-6-fluoropyrazine and 2,6-difluoropyrazine as a 
liquid which trapped out at -80?
Several attempts were made to separate 2,6-difluoro- 
pyrazine as a pure compound by fractional distillation of 
the mixture at atmospheric pressure and a temperature of 
90-92°.
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m/e M+ ,132(100), (M+1)+ ,133(5.23), (M+2)+ ,134(31.4). 
m/e M+ ,116(100), (M+1)+ ,117(6.8).
2-Amino-6-chlo ro pyrazine.
2,6-Dichloropyrazine (5g) and concentrated aqueous 
ammonia (25ml) were heated in a sealed Carius tube at 
135-140° for 14h. The cooled tube was opened and the 
product was filtered to give 2-amino-6-chloropyrazine 
(XXXVI) as pale yellow needles from ethanol, yield 81%, 
(m.p.152-154°)• Principal infrared absorption (Nujol): V max
3320s ,3190s,1645s,1580s,1520s,1470,1230s,1200s,1140s,
1060,1000s,925,870,825s,695s cm".
m/e M+ ,129(100), (M+1)+130(5), (M+2)+ 131(31.6).
2-Amino-6-fluoropyrazine.
An attempt was made to prepare 2-amino-6-fluoropyrazine 
by the procedure described by Liotta and Harris.^
The reagent was prepared by dissolving 18-crown-6 
ether (0.2g) in dry acetonitrile (10ml) and dry potassium 
fluoride (2g) was added. After the heterogeneous system 
was stirred for 30 minutes, 2-amino-6-chloropyrazine 
(2.13g) was added and the resulting mixture stirred and 
refluxed at 83°C for 50h. No reaction occurred and the 
starting material- was recovered again (m.p. and mixed m.p. 
152-154°).
Preparation of 2,6-diaminopyrazine.
(i) A mixture of 2-amino-6-chloropyrazine (0.5g) 
and concentrated aqueous ammonia (20ml) with copper 
powder (0.008g) was heated in an autoclave or sealed 
tube at 200°C for 24h. The cooled yellowish-brown reac­
tion mixture was filtered to remove a negligible amount 
of a dark-brown, amorphous solid. The solid was washed 
twice with concentrated aqueous ammonia. The combined 
filtrate and washings, were extracted for 8h. with peroxide 
free diethylether in a liquid-liquid extraction apparatus. 
A light-yellow extract showing a strong green fluores­
cence was thus obtained. The extract was dried over 
anhydrous sodium sulphate and the ether was evaporated
on a water-bath.
2,6-diaminopyrazine (XXXVII) was obtained as fine, 
yellow needles (0.21g). The product was recrystallised 
from anhydrous ethyl acetate, yield 50%, (m.p.134-136°).
(ii) 2,6-Dichloropyrazine (2g) and 28.5% aqueous 
ammonia (10ml) with copper powder (0.008g) was heated
in a sealed Carius tube at 140°C for 16h. The cooled tube 
was opened, and the yellowish-brown reaction mixture 
was filtered to remove a negligible amount of a dark-
brown amorphous solid. The tube and solid were washed 
twice with 28.5% aqueous ammonia. The combined filtrate 
and washings were extracted for eight hours with
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peroxide-free diethylether in a liquid-liquid extractor.
A light-yellow extract showing a strong green fluorescence 
was thus obtained. The extract was dried over anhydrous 
sodium sulphate, and the ether was evaporated on a water- 
bath.
2,6-Diaminopyrazine was obtained from ethyl acetate
as fine, yellow needles (1.2g, 70.5%), (m.p. and mixed
m.p.134-136°). Light absorption (ethanol 96%):
Xmax 246nm ( 6 9'20°)» 337nm ( 6 9,300).
Principal infrared absorption (Nujol): ^ 3455vw,3400w,max
3300,3140,1660vw,1625s,1580s,1535s,1290s,1240s,1000w, 
990w,820s cm"''.
Pound: c,43.4 ; H,5.55 ; N,51.3
requires: 0,43.6 ; H,5.5 ; N,50.9%
Sensitivity of 2,6-diaminopyrazine to light and air.
(i) An aqueous solution of 2,6-diaminopyrazine 
(2mg, in 1ml water) was left for 14 days at room tempe­
rature. The original yellow coloration turned green and 
there was a brownish black precipitate, indicating that 
some decomposition had occurred: (1.5mg) of starting 
material was recovered as a light green solid, (m.p. 
126-128° dec.).
(ii) When the solid 2,6-diaminopyrazine (m.p. 
134-136°) was kept in the light and air for 14 days 
it turned a light green colour (m.p.126-128° dec.).
Preparation of 2,6-diacetaminopyrazine.
An excess of acetic anhydride (3ml) was added to
2,6-diaminopyrazine (0.1g). The reaction mixture was 
left overnight at room temperature, a yellow precipitate 
of 2,6-diacetaminopyrazine (0.15g) was collected and 
purified by sublimation (190-200°/0.2mm). Its identity 
was checked by the comparison of its I.R. spectrum
A A
with an authentic sample.
EXPERIMENTAL
Part 2
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Preparation of 1-imino-3-p-tolyliminoisoindoline.
(i) Sodium (5mg) was treated with methanol (25ml). 
When the reaction was over, phthalonitrile (2.56g) and 
jD-toluidine (2.l4g) were added. The solution was heated 
under reflux for 4h. On cooling, 1-imino-3-p-tolylimino- 
isoindoline (XXXVIIIa) was obtained as yellow crystals
(3.85g,81.8%). The product was crystallised from methanol, 
m. p. 195-197?
Light absorption (ethanol 96%): >vmax 227nm 
( t 30,500), 260nm ( £ 14,000), 292nm ( £ 5,600),
305nm ( £ 5,600), 360 ( £ 7,600).
Principal infrared absorption (Nujol): ^ max 3300w,
3030w,1685s,1635s,1600s,1350s,1505w,1330,1290w,1240w, 
1220w,1210,1130s,870,810 cnf1.
Found: 0,76.50 ; H,5.52 ; N,17.69
requires: 0,76.57 ; H,5.56 ; N,17.86%
(ii) 1,3-Diiminoisoindoline (3g) and p-toluidine 
(2.2g) were refluxed in ethanol (30ml), ammonia being 
evolved vigorously at first and then slowly. On cooling,
1-imino-3-p-tolyliminoisoindoline, was obtained as 
yellow crystals, (4.4g,90.5%). The product was crys­
tallised from methanol and had m.p. and mixed m.p. 
195-197°.
Preparation of 3-P-anisylimino-1-iminoisoindoline.
(i) Sodium (5mg) was dissolved in methanol (25ml) and 
phthalonitrile (2.5:6g) and p-anisidine (2.46g) were added. 
The solution was heated under reflux for 4h. On cooling, 
3-p-anisylimino-1-iminoisoindoline (XXXVIIIb) separated as 
orange crystals (3.8g,75.6%). The product was recrystallised 
from methanol, m.p.184-186°.
light absorption (ethanol 96%): \  227nm ( £ 30,000),
255nm ( 6 14,000), 294nm(sh) ( t 6,500), 305nm ( £• 5,500), 
374nm ( S 9,000).
Principal infrared absorption (Nujol): V 3460s,3320,max
1675w ,1660w ,1640,1610,1580,1540s,1505s,1340,1290s,1240s,
1215,1180,1170,1120s,1110,1095,1060,1030s,820s cm"1.
Found: 0,71.33 ; H.5.11 ; N.16.95
C ^ H ^ N ^ O  requires: 0,71.69 ; H,5.21 ; N,16.72%
(ii) A mixture of 1,3-diiminoisoindoline (3g) and 
p-anisidine (2.5g) was heated in boiling ethanol (30ml) for 
2h. Ammonia was evolved during the reaction. After cooling, 
the product,started to separate. It was filtered off and 
recrystallised from methanol to give 3-p-anisylimino-1- 
iminoisoindoline (4.9g,83%) as orange crystals, m.p. and 
mixed m.p. 1 84-186° .
Preparation of 3-p-chlorophenylimino-1-iminoisoindoline.
(i) Methanol (23ml) with which sodium (5mg) had been
interacted, phthaldnitrile (2.56g) and jD-chloroaniline
(2.55g) were heated together under reflux for 4h. and the
trace of phthalocyanine formed was filtered off. On cooling,
3-2-chlorophenylimino-1-iminoisoindoline (XXXVIIIc)
separated as yellow crystals (4g,78.2%). The product was
crystallised from methanol and had m.p.196-198°.
Light absorption (ethanol 96%): X 229nm ( £ 33,500),max
262nm ( £ 16,000), 292nm ( I 6,400), 306nm ( £ 6,500),
354nm ( £ 9,000).
Principal infrared absorption (Nujol) : y' 3460vw,mcix
3300vw, 1 680,1 630,1 600,1 520 (broad), 1330s, 1 290,1240,121 Os, 
1165s,1150,1125s,1090,1010s ,930w,870s ,840,775s,750,
715s cnT1.
Pound: 0,65.45 ; H,3.73 ; N,16.65 ; 01,14.01
C14_H10N5C1 requires : 0,65.75 ,* H,3.94 ; N,16.45 ; 01,13.86%.
(ii) A solution of 1,3-diiminoisoindoline (3g) and 
jg-chloroaniline (2.6g) was heated under reflux in ethanol 
(30ml) for 2h., and ammonia was evolved slowly at first.
The solution was concentrated and left to cool at room 
temperature when yellow crystals started to separate.
The product was recrystallised from methanol to give 
3-j>-chlorophenylimino-1 -iminoisoindoline (4.65g,88%) as 
yellow crystals,m.p. and mixed m.p.196-198°.
Preparation of 3-benzylimino-1-iminoisoindoline.
Methanol (25ml) with which sodium (5mg) had been inter­
acted, phthalonitrile (2.56g) and benzylamine (2.14g) were
/-'A
heated together under reflux for 3h., and the phthalocya- 
nine formed was filtered off. On cooling, 3-benzylimin-1-imino­
isoindoline (XXXVIIId) separated as colourless crystals 
(2.4g,51%). The product was crystallised from methanol 
(charcoal) and then had m.p.165-166°(dec).
Light absorption (ethanol 96%): X max 221.5nm 
( £ 29,000), 226nm ( £ 28,500), 259nm ( £ 14,000),
272nm(sh) ( g 9,600), 294nm(sh) ( £ 5,500), 305nm ( £ 6,000). 
Principal infrared absorption (Nujol): ^ max 3260w,1680s,
1645sf1610s ,1535s,1495w,1330,1240,1195s,1165,1160,1145,
1130s,1100s cm”1.
Pound: 0,76.13 ; H,5.36 ; N,17.97
C1^H1^N2 requires: 0,76.57 ; H,5.56 ; N,17.86%.
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Self-condensation of 1-imino-3-phenyliminoisoindoline .
(i) 1-Imino-3-phenyliminoisoindoline (3g) was added 
to boiling tetralin (10ml). After 3 minutes, the solution 
was cooled to 100°C and the phthalocyanine formed was 
filtered off. Methanol (13ml) was added to the filtrate, 
after which a solid started to separate out. The product 
(0.55g,9.5%).was recrystallised from acetone to give
3- [3-phenyliminoisoindolin-1-ylideneaminoJ -1-phenyl- 
imino-(lH)-isoindole (XXXIXa) as red needles,m.p.193-194°.
Light absorption (ethanol 96%): X 225nm ( £ 45,300),max
245nm ( € 28,500), 325nm ( t 16,800).
Principal infrared absorption (Nujol): V 3240,1680,max
1660w,1640,1610vw,1600rw,1585vw,1320,1295vw, 1285w,1225,
1180,1170,1115,1090,1050s, 1020s cm-1.
Pound: 0,79.35 ; H,4.27 ; N,16.77
C28H1^N^ requires: 0,79.06 ; H,4.47 ; N,16.47%.
(ii) 1-Imino-3-phenyliminoisoindoline (3g) was added 
to boiling nitrobenzene (10ml). After 3 minutes, the solu­
tion was cooled to 100°C and the phthalocyanine formed was 
filtered off. Methanol (15ml) was added to the filtrate, 
after which a solid began to separate out. The product 
(0.3g,5.2%) was crystallised from acetone to give
3- [3-phenyliminoisoindolin-1-ylideneamino ] -1-phenyl- 
imino-( 1H)-isoindole as red needles,m.p. and mixed m.p.193-194?
(iii) When the reaction was carried out for 15 minutes, 
the yield was not improved, and only ( .34g) of the product 
- was obtained.
Self-condensation of 1-imino-3-p-tolyliminoisoindoline.
1-Imino-3-J3-tolyliminoisoindoline (3g) was added to 
boiling tetralin (10ml). After 3 minutes, the solution was 
cooled to 100°C and the phthalocyanine formed was filtered 
off. Methanol.(15ml) was added to the filtrate after which 
a solid started to separate out. The product (0.86g,15%) 
was crystallised from benzene to give 3- [ 3-£-tolylimino- 
isoindolin-1-ylideneamino ] -1-£-tolylimino-(1H)-isoindole 
(XXXIXb) as red crystals,m.p.218-220°.
Light absorption (ethanol 96%): X  227nm ( £ 49,700),~ max.
247nm ( £ 2 9 ,0 0 0 ) ,  315nm ( £ 1 5 ,7 0 0 ) ,  335nm ( £ 1 6 ,0 0 0 ) .
Principal infrared absorption (Nujol): V 3240w,1670,max
1640,1605vw,15 8 0 s ,1500s,1225 ,1180 ,1170 ,1150vw,1115w,
1090w,1045s,1015s cm .
Found: 0 ,7 9 .3 2  ; H .4 .8 3  ; K .15 .44
C30H23K5 re(l'u i re s :  0 ,7 9 .4 5  ; H ,5 .11 ; N,15.44%
Self-condensation of 3-p-anisylimino-1-iminoisoindoline.
3-p-Anisylimino-1-iminoisoindoline (3g) was added to 
boiling tetralin OlOml ._). After 3 minutes, the solution was 
cooled to 100°C and the phthalocyanine formed was filtered 
off. Methanol (15ml) was added to the filtrate after which 
a solid started to separate out. The product (1.2g,20.7%) 
was recrystallised from petroleum ether (b.p.100-120°) 
to give 3- [3-p-anisyliminoisoindolin-l-ylideneamino]— 1 - 
p-anisylimino-(1H)-isoindole (XXXIXc) as dark brown crystals, 
m.p.232-233°.
Light absorption (ethanol 96%): X 227.5nm ( £  43,000),max
245nm ( £ 33,000), 327nm ( £, 23,000).
Principal infrared absorption (Nujol): y* 3180(broad),max
1660,1600vw, 1580,1500s, 1300,1280w,1250s, 1180,1160,1090,
1050,1030s,820s,790,765,710s cm-1.
Found: 0,73.96 ; H.4.59 ; N,14.88
C30H23N5°2 re(iuires: 0,74.21 ; H.4.77 ; H, 14.42%.
Self-condensation of 3-P-chlorophenylimino-1-iminoisoindoline.
3-jD-0hlorophenylimino-1 -iminoisoindoline (3g) was 
added to boiling tetralin (10ml). After 3 minutes, the 
solution was cooled to 100°C, and the phthalocyanine 
formed was filtered off. Methanol (15ml) was added to the 
filtrate after which a solid started to separate out.
The product (0.61g,10.5%)was crystallised from benzene to
give 3- r3-jg-chlorophenyliminoisoindolin-1-ylideneamino ]- 
1 -j)-chlorophenylimino-( 1H)-isoindole (XXXIXd) as red needles 
m.p.204-205°
Light absorption (ethanol 96%): X 229nm ( £ 36,300),
XiiclJ’v
260nm(sh) ( £ 18,400), 313nm ( £ 10,400), 342nm ( £11,200).
Principal infrared absorption (Nujol): V 3180w('broad),ni^ x
1665,1620vw,1580s,1325w,1290 s,1280s,1225 s,1180s, 1165s,
1085s,1030s,1010s,860s,840s,715,710,680s,655,635 cm"1.
Pound: 0,67.95 ; H.3.26 ; N,14.00 ; 01,14.67
requires: 0,68.02 ; H,3.46 ; H.14.16 ; 01,14.36$.
Attempted self-condensation of 3-butylimino-1-iminoisoindoline.
(i) 3-Butylimino-1-iminoisoindoline (3g) was added 
to boiling tetralin (10ml). After 3 minutes, the solution 
was cooled to 100°C and the phthalocyanine formed was 
filtered off. Methanol (15ml) was added to the filtrate, 
and the solution was left overnight in the refrigerator.
The solution was evaporated to dryness under reduced pressure, 
and dry ether was added to the residue to give 3-butylimino- 
1-iminoisoindoline (2.5g,83.3%), m.p.and mixed m.p.160-163°.
(ii) 3-Butylimino-1-iminoisoindoline (1g) was added to 
boiling m-dichlorobenzene (5ml). After 3 minutes, the
solution was cooled to 100°C and the phthalocyanine formed
was filtered off. Methanol (10ml) was added to the filtrate 
and the solution was left for a few hours in the refrigera­
tor. The solution was then evaporated to dryness under 
reduced pressure. The residue was washed with acetone and 
filtered to give the starting material (0.8g), m.p. and 
mixed m.p. 160-163?
(iii) 3-Butylimino-1-iminoisoindoline (1g) was added
to boiling nitrobenzene (5ml). After 3 minutes, the solution 
was cooled to 100°C and the phthalocyanine formed was 
filtered off. Methanol (10ml) was added to the filtrate 
and the solution was left overnight in the refrigerator.
The solution was evaporated to dryness under reduced 
pressure, and dry ether added to the residue to give
3-butylimino-1-iminoisoindoline (0.6g,60%), m.p. and 
mixed m.p.160-164°.
(iv) When the reaction was carried out for 15 minutes, 
the material decomposed.
Attempted self-condensation of 3-benzylimino-1-iminoiso­
indoline .
(i) 3-Benzylimino-1-iminoisoindoline (3g) was added 
to boiling tetralin (10ml). After 3 minutes, the solution 
was cooled to 100°C and the phthalocyanine formed was 
filtered off. Methanol (15ml) was added to the filtrate, 
and the solution was left overnight in the refrigerator.
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The solution was evaporated to dryness under reduced 
pressure, and dry ether was added to the residue to give
3-benzylimino-1 -iminoisoindoline (1.5g,50%), m.p. and 
mixed m.p.162-166° .
(ii) When the reaction was carried out _for 10 minutes,
3-benzylimino-1-iminoisoindoline (0.3g) was recovered.
(iii) 3-Benzylimino-1-iminoisoindoline (1g) was added 
to boiling m-dichlorobenzene (5ml). After 3 minutes, the 
solution was cooled to 100°C and the phthalocyanine was 
filtered off. Methanol (10ml) was added to the filtrate, 
and the solution was left overnight in the refrigerator.
The solution was then evaporated to dryness under reduced 
pressure. The residue was washed with methanol to give the 
starting material (0.3g,30%), m.p. and mixed m.p.162-166?
(iv) Dry heating of 3-benzylimino-1-iminoisoindoline 
(0.5g) to 164-166°C for 5 minutes resulted in complete 
decomposition.
Hydrolysis of self-condensation products. .
A. 3- [3-Phenyliminoisoindolin-1-ylideneamino ] -1- 
phenylimino-(1H)-isoindoline (0.1g) was warmed for 5-10sec. 
with concentrated hydrochloric acid (2ml). Cold water was
added, and the mixture filtered. The yellow solid was 
recrystallised from ethanol to give 1-oxo-3-phenylimino­
isoindoline (0.04g) as pale yellow needles, m.p. and mixed
m . p .  1 6 9 - 1 7 1 ° .
B. (i) 3- [ 3-j?-Tolyliminoisoindolin-1 -ylideneamino ]- 
1-p-tolylimino-(1H)-isoindole (0.1g) was warmed with 
concentrated hydrochloric acid (2ml) for 5-10sec. Cold 
water was added and the white solid was filtered to give 
phthalimide (0.045g)> m.p.230-231°, mixed m.p.229-231°.
The filtrate, containing n-toluidine, was evaporated to 
dryness under reduced pressure. Ether was added to the 
residue, and then removed to give p-toluidine (0.015g) 
which was confirmed by thin layer chromatography in 
benzene on alumina G (Merck type 60).
(ii) Concentrated hydrochloric acid (2ml) was 
added to 3- [ 3-P-tolyliminoisoindolin-1-ylideneamino ] - 
1 -jd-tolylimino-( 1H)-isoindole (0.1g). The reaction was 
carried out at room temperature for one minute, cold water 
was added and the pale yellow solid was filtered off. It 
was recrystallised from ethanol, to give phthalimide 
(0.047g) as pale yellow needles, m.p. and mixed m.p. 
228-231°
(iii) 3- [ 3-J3-Tolyliminoisoindolin-1 -ylideneamino ] - 
1-p-tolylimino-(IH)-isoindole (0.05g) was warmed with 
3N hydrochloric acid (1ml) for 20sec. Cold water was added 
and the yellow solid (0.03g) filtered. Thin layer chro­
matography in benzene-methanol (50:1) on alumina G (Merck 
type 60) shows that the product is a mixture of 1-oxo-
3-j?-tolyliminoisoindoline and phthalimide.
C. (i) To 3- [3-p-anisyliminoisoindolin-1-ylidene- 
amino] -1 -j>-anisylimino-(1H)-isoindole (0.05g), was added 
concentrated hydrochloric acid (1ml). The mixture was 
shaken for 10sec. at room temperature when the dark hrown 
crystals of the compound changed to a pale yellow solid.
Cold water was added to give phthalimide (0.02g),m.p.
and mixed m.p.228-230?
(ii) A mixture of 3- [3-p-anisyliminoisoindolin-1 - 
ylideneamino] -1 -]D-anisylimino-( 1H)-isoindole (0.05g) 
and 3N hydrochloric acid (1ml) was warmed on a water bath 
for one minute with shaking, until the colour of the start­
ing material had completely changed. Cold water was added 
and an orange solid was filtered off (0.02g); this proved 
to be a mixture. Thin layer chromatography in benzene- 
methanol (50:1) on alumina G (Merck type 60) shows the 
mixture consisted of 3-j>-anisylimino-1-oxoisoindoline and 
phthalimide.
D. 3- [ 3-p-Chlorophenyliminoisoindolin-1-ylideneamino ] 
1-p-chlorophenylimino-(IH)-isoindole (0.05g) and concen­
trated hydrochloric acid (1ml) were added together. The 
mixture was shaken for 10 sec. and the red colour changed 
to pale yellow. Cold water was added, to give phthalimide 
(0.025g), m.p.227-229° and mixed m.p.226-230°. Its infra­
red spectrum was identical with the authentic sample.
3-Imino-1-oxoisoindoline.
7
Following the procedure of Ficken and Linstead ,
1,3-diiminoisoindoline. (1g) and water (3ml) were boiled 
for 10 minutes and cooled immediately in an ice bath to 
give 3-imino-1-oxoisoindoline (0.7g»70%) the product was 
recrystallised from ethanol and then had m.p.203-205° 
and mixed m.p.202-203?
Reaction of 3-imino-1-oxoisoindoline with p-toluidine.
3-Imino-1-oxoisoindoline (0.15g,0.001mol) and jp-tolui- 
dine (0.11g,0.001mol) were heated in boiling butanol 
(10ml) for 16h. Ammonia was evolved during the reaction.
The solvent was evaporated to dryness under reduced pressure 
and the yellow solid obtained was recrystallised from 
benzene/light petroleum (b.p.40-60°) to give 1-oxo-3-Ti­
to lylimino iso indo line (XLa) (0.17g,70%) as fine yellow 
needles, m.p.159-160?
light absorption (ethanol 96%): X 247nm ( 8 27,700),max
256nm ( £ 22,900), 293nm .( & 6,900), 304nm ( t 7,300),
342nm ( t 7,000).
Principal infrared absorption (Nujol): V__„ 3200,3060w,max
1740s,1680s,1625vw,1610vw,1515,1320s,1300vw,1240,1200,
1190,1170w,1150s,1120w,1105s,1070s,950,870s,820s cm-1.
Pound: 0,76.51 ; H.5.15 ! N,11.88
requires: C,76.28 ; H,5.12 ; N,11.86%.
Reaction of 3-imino-1-oxoisoindoline with p-anisidine.
3-Imino-1-oxoisoindoline (0.15g,0.001mol) and p-ani- 
sidine (0.12g,0.001 mol) in n-butanol (10ml) were heated 
under reflux for 20h. Ammonia was evolved during the 
reaction. The solvent was removed under reduced pressure 
and the yellow solid was recrystallised from cyclohexane to 
give 3-£-anisylimino-1-oxoisoindoline (XLb), (0.22g,
85%) as yellow needles, m.p.130-132?
Light absorption (ethanol 96%): A 246.5nm ( 6 18,600),max
256nm ( £ 14,900), 285nm* ( t 4,900), 291nm (£ 4,900),
302nm ( £ 4,500), 356nm ( £. 5,800).
Principal infrared absorption (Nujol): V 3170,3040vw,max
1730s,1670s,1610vw,1600vw,1570,1505s,1310w,1290w,1245,1175, 
1135,1110,1055,1040,850s,810 cm-1.
Found: 0,71.25 ; H,4.85 ; K,11.19
C15H 12N202 requires: 0,71.47 ; H.4.79 ; N,11.11%.
Reaction of 3-imino-1-oxoisoindoline with p-chloroaniline .
A mixture of 3-imino-1-oxoisoindoline (0.15g,0.001 mol) 
and p-chloroaniline (0.13g,0.001mol) in butanol (10ml) 
were heated under reflux for 19h. during which time 
ammonia was evolved. The solution was allowed to cool and 
the fine yellow needles were filtered off. The product 
(0.22g,83.4%) was recrystallised from butanol to give
3-p-dilorophenyHmino-1-oxoisoindoline (XLc) m.p.207-209?
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Light absorption (ethanol 96%): X 247nm
max
( t 22,900), 255nm(sh) ( I 19,000), 293nm ( t  5,800),
304nm ( t 6,000)t 332nm ( I 5,400).
Principal infrared absorption (Nujol): V 3200,3050vw,
1735s,1675s,1615vw,1600vw,1490,1310,1300vw,1290vw,1230, 
1085,1050,850s,840s cm"1.-
Found: C,65.60 ; H,3.40* ; N,10.74
^H^CIN^O:requires: 0,65.52 ; H,3.53 ; N,10.92%
Nickel complex of 3- [ 5-phenyliminoisoindolin-1-ylidene­
amino ] -1-phenylimino-(1H)-isoindole.
A hot solution of nickel acetate tetrahydrate (0.12g,
0.00048mol) in methanol (10ml) was filtered into a hot
solution of 3- [ 3-phenyliminoisoindolin-1-ylideneamino] -
1-phenylimino-(1H)-isoindole (0.2g,0.00048mol) in dime-
thylformamide (4ml) with stirring. The mixture was set
aside for 2h. and the dark brown crystals (0.17g,40%)
which separated were washed with methanol and water.
Recrystallisation from nitrobenzene and dilution with
methanol yielded black crystals, m.p.339-340°(dec.).
Light absorption (chloroform): A 251nm ( £, 48,000),max
325nm ( 8 29,000), 440nm ( 8 16,500).
Principal infrared absorption (fluorinated hydrocarbons):
^ 1650 ,1585,1505,1480w,1465,1440w ,1430y w ,965s,
HI 3.X
895s cm"!
Found: C,73.60 ; H,3.97 ; N,15.38
C56H36N 10Ni recluires: C,74.10 ; H,3.99 ; N,15.40%.
Cobalt complex of 3- f 3-phenyliminoisoindolin-1-ylidene- 
amino ] -1-phenylimino-(1H)-isoindole .
Cobalt acetate tetrahydrate (0.06g,0.00024mol) in 
hot methanol (5ml) was added to a solution of 3- [ 3-phe- 
nyliminoisoindolin-1-ylideneamino ] -1-phenylimino-(IH)- 
isoindole (0.1g,0.00024mol) in dimethylformamide (4ml) 
with stirring, and the mixture cooled. The cobalt deriva 
tive (0.1g,47%) was dissolved in nitrobenzene and on 
dilution with methanol, black crystals, m.p.370-371° 
were obtained.
light absorption (chloroform): A 254nm ( £ 66,800),max
327nm ( t 37,800), 370nm ( £, 24,000), 420*nm ( I 21,000) 
Principal infrared absorption (Nujol): V 1660, 1585
UidA.
1495vw,1480vw, 1280,1180,1140,1095,870,785,770,750,710s, 
-1680,660 cm .
Found: 0,73.81 ; H,3.72 ; N,15.47
C56H36N10Co re(luires: C ,74.08 ; H,3.99 ; N,15.43%.
flonper complex of 3- [3-phenyliminoisoindolin-1-ylidene­
amino 1 -1-phenylimino-(1H)-isoindole.
A solution of cupric acetate mbnohydrate (0.047g, 
0.00023mol) in hot methanol (3ml) was added to a hot 
solution of 3- [3-phenyliminoisoindolin-1-ylideneamino]—
1-phenylimino-(1H)-isoindole (0.1g,0.00023mol) in dimethyl- 
formamide (4ml) with stirring. The mixture was kept for 
2h. during which dark hrown crystals (0.1g,47%) separated. 
The crystals were filtered,washed with methanol and water; 
then crystallisation from nitrobenzene and on dilution with
methanol dark brown crystals, m.p.312°, were obtained.
Light absorption (chloroform): X 249nm ( 8 45,600),max
320nm ( £.31,000), 436nm ( £ 15,500).
Principal infrared absorption (Nujol): V 1650,1585,max
1500vw, 1480vw, 1280,1180,1140,1090,870,765,750,710s, 683,
660 cm .
Found: 0,73.50 ; H,3.71 ; N,15.10
c 56H36k 10Cu  re9'u-ires: c.73.71 ; H,3.97 ; N,15.35%.
Nickel complex of 3- C3-P-tolyliminoisoindolin-l-ylidene­
amino 1 -1-p-tolylimino-(1H)-isoindole.
A hot solution of.nickel acetate tetrahydrate (0.05g, 
0.0002mol) in methanol (10ml) was filtered into a hot 
solution of 3- [ 3-£-tolyliminoisoindolin-1 -ylideneamino ] - 
1 -p-'tolylimino-(lji)-isoindole (0.1g, 0.0002mol) in dimethyl- 
formamide (4ml) with stirring. After ‘cooling the reaction 
mixture overnight in the refrigerator, the solvent was 
removed under reduced pressure and methanol was added to 
the solid residue. The solid was filtered off, washed with 
a little water and methanol and dried. The nickel deriva­
tive (0.04g,19%) was obtained as dark red crystals, 
m.p.338-340?
Light absorption (chloroform): ^ max 249nm ( t 60,200), 
322nm ( I 36,600), 450nm ( i 18,300).
Principal infrared absorption (Nujol): ^ 1650,1185,nicix
1170,1100,1075,720 c m .
Pound: 0,74.68 ; H,4.63 ; N,14.53
C60H^^N10Ni requires: 0,74.77 ; H,4.60 ; N,14.53%.
Nickel complex of 3- [3-p-chlorophenyliminoisoindolin-
1-ylideneamino1 -1-p-chlorophenylimino-(1H)-isoindole.
A solution of nickel acetate tetrahydrate (0.05g» 
0.0002mol) in hot methanol (5ml) was filtered into a 
hot solution of 3- [ 3-J2-ehlorophenyliminoisoindolin-
1-ylideneamino ] -1 -j)-chlorophenylimino-( 1H)-isoindole 
(0.1g,0.0002mol) in dimethylformamide (4ml) with stirring. 
After cooling the reaction mixture overnight in the 
refrigerator, the solvent was removed under reduced 
pressure and methanol was added to the solid residue.
The red precipitate was filtered off, washed with a 
little water and methanol, and dried. The nickel deriva­
tive (0.04g,19%) was obtained as a red solid, m.p.328- 
330°
Light absorption (chloroform): X 250nm ( & 68,000),max
327nm ( t 39,000), 444nm ( I 23,000).
Principal infrared absorption (Nujol): v 1655,1285,max
1195,1165,1150vw,1100,1075,1050,1010,875vw,830vw,790w, 
770w,720s cm I
Found: 0,63.97 ; H,2.88 ; N,13.36
C56H32N l0C14Ni re(iuires: 0,64.32 ; H.3.08 ; N,13.39%.
Attempted preparation of 1-imino-3-2-pyridylimino 
isoindoline.
(i) Sodium hydride (1.2g,60% suspension in oil) 
was washed twice with dry benzene and once with dry
1,2-dimethoxyethane. Dry 1,2-dimethoxyethane (10ml) 
was added to the sodium hydride. 2-Aminopyridine (1.88g) 
was dissolved in dry 1,2-dimethoxyethane (5ml), and the
2-aminopyridine solution was added dropwise to the 
sodium hydride suspension in 1,2-dimethoxyethane with 
shaking. A vigorous reaction occurred, and when this had 
ceased the mixture was refluxed until all the sodium 
hydride had reacted. Phthalonitrile (2.56g) was added to 
the sodium salt of 2-aminopyridine. The salt dissolved 
and after a few minutes, a solid started to separate 
from the brown solution. The mixture was refluxed for 3h. 
After being cooled, the reaction mixture was added to 
a saturated solution of ammonium chloride; ammonia was 
evolved and a solid started to separate on adding more 
water. Phthalimide was obtained m.p.232-234° and mixed 
m.p.233-235°
(ii) However, when the reaction was carried out 
under dry nitrogen 1,3-di-2/-pyridyliminoisoindoline 
was obtained as yellow needles (from ethanol),m.p. and 
mixed m.p.180-182?
(iii) Methanol (25ml) with which sodium (5mg) had 
been reacted, phthalonitrile (2.56g) and 2-aminopyridine 
(1.88g) were heated together under reflux for 4h., and 
the phthalocyanine formed filtered off. On cooling, the 
solution was evaporated under reduced pressure to 
small bulk. The solid was filtered and recrystallised 
from ethanol to give 1,3-di-2/-pyridyliminoisoindoline 
m.p.182° and mixed m.p.180-182?
EXPERIMENTAL
Part 3
Quaternisation of 2,6-diamino pyrazine.
(i) 2,6-Diaminopyrazine (0.2g,0.002mol) and methyl 
iodide (0.25g,0.002mol) were heated in dry ethanol (5ml) 
on a water hath for 4h. The reaction was cooled and the 
solid product filtered. The product (0.3g,65.5%) was 
recrystallised from ethanol to give monomethoiodide as 
yellow needles, m.p.228-230?
Light absorption (ethanol 96%): \  245nm ( 611,700),max -
364nm (t 8,500).
Principal infrared absorption (KBr): V : 3340,3260w,
IQSuC
3210sh,3170,3070,3000,1660s, 1630s, 1600,1570 ,1485s,
1310vw,1300vw,770s cm 1
Pound: 0,23.67 ; H,3.46 ; N,22.28
C ^ N ^ I  requires: 0,23.82 ; H,3.59 ; N,22.22%.
(ii) 2,6-Diaminopyrazine (0.2g,0.002mol) was heated 
with a large excess of purified methyl iodide (2g) in a 
sealed glass tube (air removed) at 100°C for 10min. The 
methoiodide was formed,(0.4g,Ql%),(Chapter IV).
m.p.230, mixed m.p.228-230?
(iii) 2,6-Diaminopyrazine (0.2g,0.002mol) was heated 
with an excess of methyl iodide (2g) in dry ethanol (10ml)
for 4h. under reflux. On cooling, the monomethoiodide (0.4g)
separated out. The product was recrystallised from ethanol
(charcoal), m.p. and mixed m.p.228-230?
Preparation of pyrazine macrocycle.
1,3-Diiminoisoindoline (0.29g) and 2,6-diaminopy­
razine (0.22g) were heated together in boiling dry 
n-butanol (20ml) for 18h. under dry nitrogen, during 
which time ammonia was evolved, briskly at first, and a 
dark-brown solid was deposited. After cooling, this solid 
was collected and recrystallised from boiling nitrobenzene 
giving the lustrous maroon macrocycle (0.26g,54.6%), 
m.p. above 450?
Light absorption (chloroform): A 246nm ( 6 11,000),-max
343nm(sh) ( £ 10,500), 364nm ( £ 14,000), 395nm( 6^2,300) 
Principal infrared absorption (Nujol): ^ max 3440w,
1665s,1245,1170w,1090vw,1030 cm”l
m/e M+ , 442(100) , (M+1)+ 443(35.8) , (M+2)+ 444(8.49). 
Pound: 0,65*45 J H,2.91 ; N,31.25
C24H 14^10 reluires: 0,65.15 ,* H,3.19 ; N,31.66%.
2,6-Bis-(1-iminoisoindolin-3-ylideneamino)pyrazine 
hemi-hydrate.
1,3-Diiminoisoindoline (0.29g,0.002mol) and 2,6-di- 
amino pyrazine (0.11g,0.001 mol) were stirred^in dry methanol 
(20ml) and boiled under reflux for 60h. under dry nitrogen. 
Ammonia was evolved briskly at first,, and a yellow solid 
later deposited. The mixture was cooled to room tempera­
ture and the yellow product (0.16g,43%) was filtered off, 
and recrystallised from n-butanol, yielding lustrous 
golden-yellow needles, m.p.276-278?
Light absorption (ethanol 96%): A 231.5nmmax
( l 48,600), 278nm ( t 27,100), 316nm ( 6 19,200),
341 nm ( £ 21 ,600), 426*nm ( £. 10,900).
Principal infrared absorption (Nujol): 3410vw,3300,max
3220vw,1690vw,1665,161Os,1565vw,1530s,1320,1290w,1240,
1220,11 90,1115s,1090vw, 1050s, 1010,870s,835s,700s cm-1, 
m/e M+ (C20H u N8), 366(100), (M+1)+ 367(64.2), (M+2) + 
368(13.5).
Found: 0,63.74 ; H.3.87 ; N.29.46
C20H H N8*^H2° re(lu;Lres: 0,63.98 ; H,4.03 ; N,29.85%.
1,3-Pi-(6-amino-2-pyrazylimino)i so indoline.
1,3-Diiminoisoindoline (0.29g,0.002mol) and 2,6-di-
aminopyrazine (0.44g,0.004mol) were heated together in
boiling dry n-butanol (20ml) for 30h. under dry nitrogen.
Ammonia was evolved during the reaction:after a few hours
solid started to form. The reaction mixture was cooled
and the reddish brown solid (0.6g,45.3%) was filtered off,
and recrystallised from n-butanol (charcoal), yielding
fine orange needles (X1VII), m.p.248-250?
Light absorption (ethanol 96%): A  238nmmax
( £.25,300), 302nm ( £ 18,200), 372nm ( 6 11,200),
430*nm ( t  9,800).
Principal infrared absorption (Nujol): 33 80,3300,
II2cl3£
3170,1635s,1580,1530s,1310,1265s,1230s,1160,1093,1043s,
1000s,880w,840,765s,700 cm 1
m/e M+ 331(100), (M+1)+ 332(12,8), (M+2)+ 333(1.2). 
Pound: 0,57.84 ; H,3.77
C'^H^Ng requires: 0,57.97 ; H,3.95
Reaction of 2-amino-6-chloropyrazine with 1,3-diimino-
isoindoline.
(i) 1,3-Diiminoisoindoline (0.48g,0.0033mol) and
2-amino-6-chloropyrazine (0.43g,0.0033mol)-were heated 
in boiling dry n-butanol (10ml) under dry nitrogen for
20h., during which time ammonia was evolved and solid 
formed during the reaction. The reaction mixture was 
cooled and the yellowish green solid was filtered, and 
recrystallised from nitrobenzene to give 1,3-di-(6-chloro-
2-pyrazylimino)isoindoline (XLVIII), (0.4g,yield 33%) as 
orange needles, m.p.282-284°
Light absorption (chloroform): 290nm ( £, 18,300),
IuElX
318nm( £ 17,000), 329nm ( I 16,600), 343nm ( I 17,100), 
360nm ( £ 20,100), 382nm ( t 14,600), 402nm ( £ 17,400). 
424*nm ( £ 11,100).
Principal infrared absorption (Hujol): V 3340s ,3105vw,max
3050w,1645,1635w,1620s,1555s,1490w,1485,1300s,1285,1250s,
1210vw,1185,1170s,1160,1150s,1105,1090w,1050s,1005,930, 
875s,780s,735 ,685s cm"1.
Pound: 0,51.85 ; H,2.23 ; N.26.96
C1gH1^Cl2N2 requires: C,51*90 ; H,2.45 ; N,26.48%.
(ii) A mixture of 1,3-diiminoisoindoline (0.48g) 
and 2-amino-6-chloropyrazine (0.43g) was heated in boiling 
ethanol (5ml) for 50h., during which time ammonia was 
evolved. The reaction mixture was cooled and the solid 
product filtered. Recrystallisation from ethanol (charcoal)
gave phthalimide as bright yellow needles, m.p.231-232°, 
mixed m.p.230-234*2
(iii) A solution of 1,3-diiminoisoindoline (0.22g, 
O.OOImol) and 2-amino-6-chloropyrazine (0.4g»0,002mol) 
in dry n-butanol (15ml) under dry nitrogen was heated 
under reflux for 20h., during which time ammonia was 
evolved and a solid formed during the reaction. After 
cooling, the mixture was filtered, and the product 
recrystallised from nitrobenzene to .give 1,3-di-(6- 
chloro-2-pyrazylimino)isoindoline (XLVIII) (0.3g,53.4%) 
as orange needles, m.p, and mixed m.p.282-284°
Reaction of 2,6-diaminopyrazine with 3-imino-1-oxoiso- 
indoline,
(i) 2,6-Diaminopyrazine (0.055g,0,005mol) and
3-imino-1-oxoisoindoline (0 .15g,0 ,001mol) were heated 
in boiling dry ethanol (15ml) under dry nitrogen for 
30h. Ammonia was evolved during the reaction. The solution 
was concentrated, and a yellow solid (0,04g,16.3%) was 
recrystallised from n-butanol to give 2-(2-amino-6-pyra­
zylimino ) 1 -oxoisoindoline (XLIX) as a yellow solid, 
m.p.273-275?
Light absorption (chloroform): ,\ 270nm ( 8 11,300),max
382nm ( 8 12,300).
Principal infrared absorption (Nujol): ^ max 3380,
3310vw,3270,3190,1740s,1650s,1580,1530s,1315,1300vw,
1285s, 1190,1090,1050,1010,840,830ttw,770s,710s cmT1
m/e M+ 239(100), (M+1)+ 240(36.6), (M+2)+ 241(4.49) 
Pound: 0,60.44 ; H,3.77 ; N,28.74
C12H9N5° re(luires: 0,60.24 ; H,3.79 ; N,29.27%.
By evaporation of the reaction mother .liquors,
3-imino-1-oxoisoindoline (0.04g) was recovered, m.p. 
and mixed m.p.200-202?
(ii) A mixture of 3-imino-1-oxoisoindoline (0.15g, 
0.001 mol) and 2,6-diaminopyrazine (0.11g,0.001 mol) was 
heated in boiling dry n-butanol (15ml) under dry nitrogen 
for 24h., during which time ammonia was evolved. After 
cooling, the solution was concentrated.and the yellow 
solid obtained was filtered, and recrystallised from 
n-butanol to give 3-(2-amino-6-pyrazylimino)-1-oxoiso­
indoline (0.12g,48.8%), m.p. and mixed m.p.273-275.
(iii) A solution of 3-imino-1-oxoisoindoline (0.15g,
O.OOImol) and 2,6-diaminopyrazine (0.055g, Q.0005mol) 
were heated in boiling dry n-butanol (10ml) under dry 
nitrogen for 24h., during which time ammonia was evolved. 
When the solution was cooled and evaporated under reduced 
pressure to small bulk a yellow precipitate separated out. 
This was filtered. A mass spectrum indicated that the 
product was a mixture (see page 120).
Reaction of 3-(2-amino-6-pyrazylimino)-1-oxoisoindoline
with 3-imino-1-oxoisoindoline.
(i) 3-Imiho-1-oxoisoindoline (0.036g) and 3-(2-amino- 
6-pyrazylimino)-1-oxoisoindoline (0.06g) were refluxed
in dry nitrobenzene (10ml), under dry nitrogen, ammonia
being evolved vigorously at first and then slowly. After
6h., the clear solution was cooled and concentrated under
reduced pressure. A yellow solid (0.07g,11.1%) separated
out. Prom nitrobenzene, the 2,6-di-(1-oxo-3-isoindol-
inylideneamino)-pyrazine (LI) was recrystallised from
nitrobenzene as a yellow solid, m.p.292-293°
Light absorption (dimethylformamide): X  307nmmax
(£ 8,800), 3 48nm (£, 10,600), 364nm ( t 10,800)*
Principal infrared absorption (Nu q o I): V max 3300vw,
3260vw,1730s,1665s,1635vw,161Ovw,1570,1520,1485,1310vw,
1230,1165,1090,1050,995,895,840,770s,700s cm"1.
m/e M+ 368(100), (M+1)+ 369(24.6), (M+2)+ 370(3.07).
Found: 0,65.42 ; H.3.22 ; H.22.71
c 20H 12N6°2 re(luires: C,65.25 ; H,3.28 ; H,22.83%.
(ii) A solution of 3-imino-1-oxoisoindoline (0.024g) 
and 3-(2-amino-6-pyrazylimino)-1-oxoisoindoline (0.04g) 
was heated in boiling dry n-butanol (10ml) under dry 
nitrogen for 24h,, and ammonia was evolved slowly during 
the reaction. After cooling, the solution was concentrated 
and a yellow solid (0.033g) collected. A mass spectrum
indicated that the product was a mixture (see page 122)
(iii) A mixture of 3-imino-1-oxoisoindoline (0.036g) 
and 3-(2-amino-6-pyrazylimino)-1-oxoisoindoline (0.06g) 
was heated in boiling dry ethoxyethanol (10ml) for 24h., 
under dry nitrogen. Ammonia was evolved slowly. After 
cooling, no precipitate was formed. The solvent was 
removed under reduced pressure leaving a yellow solid.
This residue was washed with ethanol and filtered.
Mixture was again obtained.
Preparation of the nickel complex of 2,6-bis-(1-imino- 
isoindolin-3-.ylideneamino)pyrazine hemi-hydrate
A boiling solution of 2,6-bis-(1-iminoisoindolin-3- 
ylideneamino)pyrazine hemi-hydrate (0.037g) in ethanol 
(50ml) was filtered into a hot solution of nickel ace­
tate tetrahydrate (0.025g) in ethanol (10ml) with vigorous 
stirring. The mixture was set aside for 1h and the 
dark-red crystalline complex (0.04g>94%) was separated, 
washed with ethanol and recrystallised from nitrobenzene 
the product had m.p. above 400?
light absorption (dimethylformamide): X 281nmmax
( £.24,800), 3 84nm (£,16,900), 401 nm ( t 17,000),
500nm ( t 5,800), 528nm ( t 5,900), 574nm ( & 2,600).
Principal infrared absorption (Nujol):  ^ 3200(broad)msix
1630,1540s,1325,1295,1270vw,1245vw,1195,1115,980,880,
770,700 crn'l -
Found: 0,55.29 ; H.2.89 ; N.25.48
C20H 12N8Ni*^H2° recluires: C,55.59 ; H,3.09 ; N,25.93%*
Attempted preparation of nickel pyrazine macro cycle complex,
A suspension of nickel acetate tetrahydrate (0.03g) 
in hot benzyl alcohol (6ml) was dissolved by adding 
methanol. The solution was boiled for a few minutes and 
added with stirring to a solution of pyrazine macrocycle 
(0.04g) in boiling nitrobenzene (6ml). A solid started 
to separate, and the dark solution was cooled. The fine 
dark-brown solid was filtered and washed with hot nitro­
benzene and hot methanol. A mass spectrum indicated that 
the product was a mixture (see page 124).
Pound: C,55.79 ; H,2.75 ; N,20.42
C24H 12N 10Ni#H2° re(luires: C >55.72 ; H,2.73 ; N,27.1%
Attempted condensation of 2,6-bis-(1-iminoisoindolin-3- 
ylideneamino)pyrazine hemi-hydrate with 1,3-diimino- 
isoindoline .
2,6-Bis-(1-iminoisoindolin -3-ylideneamino)pyrazine 
hemi-hydrate (0.03g) and 1,3-diiminoisoindoline (0.012g) 
were heated together in boiling dry n-butanol (15ml) 
for 20h. under dry nitrogen. After cooling, the starting 
material was recovered, m.p.276-278° and mixed m.p.274- 
278°.
Attempted reaction of 1,3-diiminoisoindoline with nickel 
complex of 2,6-bis-(l-iminoisoindolin-3-ylideneamino)- 
pyrazine hemi-hydrate.
25
Following the procedure of Bamfield and Mack , a 
mixture of the nickel complex of 2,6-bis-(1-iminoiso- 
indolin-3-ylideneamino)pyrazine hemi-hydrate (0.033g)>
1,3-diiminoisoindoline (0.012g) and benzoquinone 
(0.012g) was stirred in dimethylformamide (3ml) and 
then heated as quickly as possible to the boil. The 
mixture was boiled for 5 minutes, filtered hot, and 
washed with dimethylformamide and then ethanol to give 
a dark solid (0.019g). The product was not pure and 
could not be recrystallised from nitrobenzene, dimethyl­
formamide or benzyl alcohol (see page 126)*
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